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ABSTRACT 
Spices and herbs have been used since ancient times as flavour and aroma enhancers, 
colourants, preservatives and traditional medicines. There are more than thirty spices and herbs 
of global economic and culinary importance. Among the spices, black pepper, capsicums, cumin, 
cinnamon, nutmeg, ginger, turmeric, saffron, coriander, cloves, dill, mint, thyme, sesame seed, 
mustard seed and curry powder are the most popular worldwide. In addition to their culinary 
uses, a number of functional properties of aromatic herbs and spices are also well described in 
the scientific literature. However, spices and herbs cultivated mainly in tropic and subtropic 
areas can be exposed to contamination with toxigenic fungi and subsequently mycotoxins. This 








































































Spices are an important part of human nutrition and find utility in all the cultures of the 
world and have been used for flavour, colour, aroma and preservation of food or beverages for 
thousands of years. Spices are generally considered as the non-leafy parts of plants which are 
used for seasoning, colouring and flavouring food; while herbs are mainly referred to as the leafy 
parts being a sub-set of spices. Spices can be buds (clove), bark (cinnamon), root (ginger), 
berries (grains of pepper), seeds (cumin), leaf (e.g. bay leaf), or even stigma of the flower 
(saffron) (Viuda-Martos et al., 2011). Table 1 shows the botanical classification, part of plant 
used, classification, based on the degree of test and major-producing countries of spices and 
herbs. 
 It has been estimated that the value of the total world production of herbs and spices is 
around US$ 3 billion. The most important spices traditionally traded throught the world are 
products of tropical environments that have high ranges of temperature, humidity and rainfall. 
The major exceptions to this group are the capsicums (chilli peppers, paprika) and coriander 
which are grown over a much wider range of tropical and non-tropical environments. In terms of 
world trade value, the most important spice crops are black pepper (Piper nigrum L.), capsicums 
(Capsicum annuum L.), nutmeg (Myristica fragrans Houtt), cumin (Cuminum cyminum L.), 
cinnamon (Cinnamomum), ginger (Zingiber officinale Roscoe), turmeric (Curcuma longa L.), 
cloves (Syzygium aromaticum L.), coriander (Coriandrum sativum L.), thyme (Thymus vulgaris 
L.), mint (Mentha piperita L., Mentha spicata L.) mustard (Sinapis alba L.) and sesame seeds 


































Because of the steps involved in their processing and the environmental conditions under 
which these steps are undertaken, spices have the potential to be heavily contaminated with 
toxigenic fungi and mycotoxins. For spices there are two groups of mycotoxins of concern, 
aflatoxins (AFs) and ochratoxin A (OTA). Aflatoxins are the most toxic group of mycotoxins 
that are produced by some Aspergillus species (A. flavus, A. parasiticus and more rarely by A. 
nomius) (Pitt, 2000). While several types of AFs are produced in nature belonging to a group 
called the difuranocoumarins, only four, aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 
(AFG1) and aflatoxin G2 (AFG2) are naturally found in foodstuffs. Aspergillus parasiticus 
produces both B and G AFs and is well adapted to a soil environment, while A. flavus is more 
adapted to the aerial parts of plants and produces only B aflatoxins (EFSA, 2004).  
AFs have several toxic effects in animals and humans, including carcinogenic, mutagenic, 
teratogenic and immunosuppressive activity (Eaton and Gallagher, 1994). AFB1 is the most 
potent genotoxic and carcinogenic AF and amongst the most commonly found in agricultural 
products (Sweeney and Dobson, 1998). AFB1 and naturally occurring mixtures of AFs have been 
classified by the International Agency for Research on Cancer as group I carcinogens 
(carcinogenic to humans) (IARC, 1993), with a role in the aetiology of liver cancer, notably 
among subjects who are carries of hepatitis B virus surface antigens (IARC, 2002). 
 Ochratoxin A is a kidney toxin, produced mainly by Penicillium verrucosum in temperate 
climates and by Aspergillus ochraceus and more rarely by Aspergillus carbonarius in warm and 
tropical countries; that can contaminate agricultural products prior to harvest or much more 
commonly during storage (EFSA, 2006). This compound has been shown to have nephrotoxic 


































referred to as Balkan Endemic Nephropathy and with an increased incidence of tumours of the 
upper urinary effect (JECFA, 2001). The toxic effects of OTA against various experimental 
animals include carcinogenic, teratogenic, immunotoxic, genotoxic and possibly neurotoxic 
activity (European Commission, 1998). The IARC has classified OTA as a probable human 
carcinogen (Group 2B) based on sufficient evidence for carcinogenicity in animal studies and 
inadequate evidence in humans (IARC, 1993). 
 Both groups of mycotoxins can contaminate spices in the field, during drying and/or in 
storage. The SCOOP report emphasized that among different spices, nutmeg, paprika, coriander 
and pepper powder were the most highly and frequently contaminated. The overall mean level of 
OTA in spices (n=361) was 1.2 µg kg-1 and the maximum content reported was 24 µg kg-1 
(European Commission, 2002b). This review focussed on mycotoxin risk in spices and herbs 
consumed widely throughout the world.   
 
LEGISLATION CONCERNING MYCOTOXINS IN SPICES 
Many countries have established regulations for mycotoxins in foodstuffs, due to their 
health hazards for humans. The European Union has the most extensive regulations for 
mycotoxins in the world. The European Union has set maximum levels for certain contaminants 
in foodstuffs according to Commission Regulation (EC) No 1881/2006 (European Commission, 
2006), which has been amended and replaced with new regulations to revise legal limits for 
contaminants in foodstuffs. With regard to AFs, the EU has set a legal limit of 5 µg kg-1 for 
AFB1 and 10 µg kg-1 for the sum of AFB1, AFB2, AFG1 and AFG2 in spices including Capsicum 


































paprika), Piper spp. (fruits thereof, including white and black pepper) nutmeg, ginger and 
turmeric and mixtures of species containing one or more of the mentioned spices (European 
Commision, 2010a). Moreover it has also set maximum limits for oilseeds such as mustard 
seeds, sesame seeds and poppy seeds. 
In Indonesia, a limit of 20 µg kg-1 for total AFs has been set for the category “coconut, 
spices and traditional drugmedicines/herbs”. In Croatia, a legislative limit of 30 µg kg-1 for AFB1 
has been established for spices, while a limit of 5 and 20 µg kg-1 for AFB1 and total AFs, 
respectively, for all food and spices has been established in Uruguay. However, many countries 
have established a general maximum limit for AFB1 or total AFs for the category “all foods”. 
The legislative limit varies, from 2 µg kg-1 in Tunisia to 20 µg kg-1 in Nigeria for AFB1, and 
from 5 µg kg-1 in Cuba and Chili to 35 µg kg-1 in Malaysia for total AFs in the category “all 
foods”. However, some countries such as Bangladesh, Ecuador, Ethiopia, Ghana, Iraq, 
Myanmar, Nicaragua, Pakistan, Panama, Uganda, Yemen and Zambia have as yet not established 
any regulatory limit for mycotoxins. 
 With regard to OTA, Commission Regulation (EC) No 1881/2006 has been recently 
amended by regulation (EU) No 105/2010 to revise the OTA levels in foodstuffs. The EU 
Commission established a limit of 30 µg kg-1 as from 1.7.2010 until 30.6.2012 and 15 µg kg-1 as 
from 1.7.2012 for the spices Capsicum spp., Piper spp., nutmeg, ginger, turmeric and mixtures of 
spices containing one or more of the mentioned spices (European Commission, 2010b). In 
addition, Turkey, Egypt and Bosnia and Herzegovina refer to the Commission Regulation in 
setting up their national maximum limits for OTA. However, no specific limits for OTA in 



































NOTIFICATIONS ON MYCOTOXINS IN SPICES 
 The Rapid Alert System for Food and Feed (RASFF) is a system, which was establised to 
provide the control authorities with the facility to exchange information on measures taken to 
ensure food and feed safety in Europe. This exchange of information helps Member States (EU 
and EFTA/EEA countries) to act more rapidly and in a coordinated manner in response to a 
potential health threat caused by food or feed. While the system has been in place since 1979, the 
legal basis of the RASFF is regulation (EC) No 178/2002, (European Commission, 2002a).  In 
2008, the number of countries which were part of the RASFF network increased to 31, an 
increase from the 18 countries which were part of the network in 2002. The RASFF notifications 
are classified as alert, and information or border rejection notification according to the 
seriousness of the risks identified and the distribution of the product on the market.  
 The European Commission publishes weekly overviews of alert and information 
notifications on its website. Between the years 2002-2011, the RASFF received a total of 451 
notifications in the category “herbs and spices” on mycotoxins, of which 87 were alert (19.3%), 
181 information (40.1%) and 183 border rejection (40.6%) notifications (Figure 1). Table 2 
shows the number of RASFF notifications on herb and spices contaminated by mycotoxins 
during the period 2002-2011. The large majority of these notifications on herb and spices 
(371/451, 82%) dealt with AFs. During this time, there was a sharp increase in RASFF 
notifications concerning AFs contamination in herb and spices in 2010, while the notification 
level decreased by 43.8% in 2011. The rise in notifications in 2010 was mainly due to a higher 


































(mainly from India and Indonesia) contaminated by AFs. From the notifications on aflatoxins in 
herb and spices during the 2002-2010 period, the main notifications were concerned with 
capsicums (58%), followed by nutmeg (15%), curry powder (12%) and ginger (5%) (Figure 2).    
 There were 80 notifications on unacceptable level of OTA in herbs and spices during the 
period 2002-2011 and in 22 of these notifications AFs occurred simultaneously at unacceptable 
levels. Around 88% of these notifications on OTA concerned capsicums originating mainly from 
Peru, Spain and India (Figure 3). 
  
MYCOTOXINS IN SPICES AND HERBS 
 
Black pepper 
 Black pepper (Piper nigrum L.), kown as the “King” of spices, a perennial crop of the 
tropics; is economically the most important and the most widely used spice crop in the world 
(Nair, 2011). The fruit, known as black peppercorns, are the green unripe berries, which become 
black and shriveled when dried in the sun. Black pepper, an Indian native spice, is valued for its 
characteristics sharp and stinging qualities attributed to alkoloid piperine (Srinivasan, 2009). 
Black pepper is used not only in processed foods such as savory dishes, meat products, soups, 
vegetables and marinades as a spice, but also for a variety of other purposes such as medicinal, 
as a preservative, and in perfumery (Srinivasan, 2007). 
An earlier study showed that black pepper supported profuse growth and conidiation of A. 
parasiticus (Seenappa and Kempton, 1980). However, it has been shown that growth of 


































aflatoxin could be detected in black or white pepper following 10 days growth at 25oC (Bartine 
and Tantaoui-Elaraki, 1997). In a similar study, Tantoui-Elaraki and Beraoud (1994) while 
monitoring the effects of 13 chemically different essential oils of spices, including black pepper, 
found that they inhibited both mycelial growth and aflatoxin synthesis in A. parasiticus. 
Despite the fact that black pepper appears to contain some substances which are active 
against several fungi, previous studies have shown that black pepper can be contaminated with a 
wide variety of fungi and mycotoxins. A. flavus and Aspergillus niger were found to be the most 
dominant fungi in black pepper marketed in Bahrain (Mandeel, 2005), Brazil (Freire et al., 
2000), Malaysia (Reddy et al., 2011) and Turkey (Vural et al., 2004), while Penicillium strains 
were isolated less frequently in black pepper and white pepper samples in Brazil (Freire et al., 
2000). In another study, Gatti et al. (2003) isolated a total of 497 fungi belonging mainly to the 
Aspergillus (53.5%), Eurotium (24.5%), Rhizopus (12.3%), and Penicillium (3.2%) genera, from 
black pepper grown in Brazil. They also reported that aflatoxin-producing A. flavus was more 
frequent than A. parasiticus and OTA-producing A. ochraceus in black pepper.  
With respect to AFs, Bircan (2005) examined 15 black pepper samples from Turkey and 
found AFs in 27% of samples at levels ranging from 0.3 to 1.2 µg kg-1 for AFB1 and from 0.3 to 
2.3 µg kg-1 for total AFs. Colak et al. (2006) revealed that AFs occurred in 8 out of 24 black 
pepper samples in Turkey with concentrations ranging from 0.3 to 16.7 µg kg-1, while Kursun 
and Mutlu (2010) found AFs at levels ranging from 0.67 – 6.15 µg kg-1 in black pepper powder 
samples marketed in Turkey. While in a recent study in Turkey, AFB1 was found in 7 out of 23 
black pepper powder samples (30.4%) at levels ranging from 0.13 to 0.42 µg kg-1 (Ozbey and 


































Studies in other countries have also reported on the presence of AFB1 in black pepper. For 
example in Hungary, Fazekas et al. (2005) found AFB1 in only one of 6 black pepper samples 
tested at a level of 0.46 µg kg-1. In Morocco, Zinedine et al. (2006) reported that the incidence of 
AFB1 and total AFs in black pepper was between 47 and 93%, with an average values of 0.09 
and 0.21 µg kg-1, respectively. In Saudi Arabia, AFs were detected in 3 out of 5 black pepper 
samples tested at levels ranging from 25 to 40 µg kg-1 (Bokhari, 2007). In Potugal, Ferreira et al. 
(2007) found AFs in 3 of 4 black pepper samples at levels varying from 0.35 to 6.6 µg kg-1. In 
Bahrain, Musaiger et al. (2008) found AFs in all samples of black pepper powder analysed at a 
level up to 27.7 µg kg-1, while Ramognoli et al. (2007) did not detect any AFs in 11 samples of 
whole or smashed black pepper commercialised in Italy. In Egypt, 3 out of 5 black pepper 
samples analysed contained aflatoxins (AFB1+AFG1) at concentrations ranging from 28 to 35 µg 
kg-1 (El-Kady et al., 1995). While in a recent survey in Malaysia, Reddy et al. (2011) reported 
that all black pepper samples analysed contained AFB1 at levels ranging from 0.65 to 2.1 µg kg-1.   
There are fewer studies focusing on the incidence of OTA in black pepper in the literature. 
Thirumala-Devi et al. (2001) found 14 OTA positive black pepper samples (54%) from India in 
the range of 10 – 51 µg kg-1. Zaied et al. (2010) found OTA in 13 out of 25 black pepper samples 
in Tunusia with levels ranging from 26 to 643 µg kg-1. In Malaysia, Jalili et al. (2010) observed 
that 17 out of 30 black pepper powder analysed contained OTA at levels ranging from 0.23 to 
12.64 µg kg-1, while only 4 out of 23 black pepper samples from Turkey were found to be 
contaminated with OTA in the range of 0.87-3.48 µg kg-1 (Ozbey and Kabak, 2012). Recently, a 
border rejection notification was sent by Poland concerning unacceptable level (42.84 µg kg-1) of 


































window/portal). In contrast however, OTA could not be detected in black pepper marketed in 
other countries including Hungary (Fazekas et al., 2005), Belgium, The Netherlands and Russia 
(Goryacheva et al., 2006).  
 
Capsicum 
Chilli also called red pepper belongs to the genus Capsicum, under the nightshade family, 
Solanaceae. Chillies are referred to as chillis, Chile, hot peppers, bell peppers, red peppers, pod 
peppers, cayenne peppers, paprika, pimento and Capsicum in different parts of the world (SBI, 
2010). Capsaicin is the substance that makes chilli peppers hot, while paprika is a type of red 
chilli that has little or no heat and which is grown primarily for its colour (Hall and Skaggs, 
2003). Traditionally, after harvesting, fresh red chillies are washed and after drying, can be left 
as whole chilli pods, processed into small flakes or processed into powder. 
Chilli (the dried form of Capsicum annum L.) is the the second largest consumed spice 
throughout the world, after black pepper. Turkey is the third largest producer of chilli and pepper 
with a production of 1.84 million metric tonnes, followed by China and Mexico (FAO, 2010). In 
2010, the total EU  imports of capsicums (dried, whole, crushed, and ground, sweet and hot) was 
about 75 000 tons, with a value of 128 million euros. The main suppliers of capsicums to the EU 
are China, Peru, India and Brazil (ESA, 2011). 
 Chilli is highly susceptible to fungal contamination and subsequently mycotoxin formation 
due to their environmental (high humidity and high temperature) and processing conditions. Red 
chilli can be contaminated with toxigenic fungi in the field during crop production, but also 


































chilli pods and improper drying techniques are likely to increase the risk of fungal contamination 
and subsequently mycotoxin production (Duman, 2010). For this reason, fresh fruits must be 
washed after harvesting and injured and diseased fruits must be removed (Almela et al., 2007). In 
addition it is recommended that the moisture content of red chillies (65-80%) on harvesting 
should be immediately reduced to about 10% by a drying process to avoid mould growth and 
mycotoxin accumulation (Iqbal et al., 2010). 
 While different drying methods are available, traditional sun drying of fruit by spreading 
the crop in a dry open area exposed to the sun is the most commonly used method 
(UNIDO/FAO, 2006). In a recent study, Ahn et al. (2010) indicated that mechanically dried 
powder had slightly lower levels of OTA than their sun-dried counterparts, even though this 
difference was not statistically significant. Marín et al. (2009) determined that the minimum 
water activity (aw) for aflatoxigenic A. flavus growth on red chilli powder varied from 0.82 to 
0.88 depending on the isolate, while an estimation of optimum aw for growth was consistently 
around 0.97 – 0.99. 
 The RASFF received 66 notifications relating to the unacceptable presence of mycotoxins 
in spices in 2011. With 66 notifications in 2011 compared to 123 in 2010, the notification level 
for spices decreased by 54%. Most of these notifications in 2011 were for capsicums (36 cases, 
55%), followed by nutmeg (13 cases, 20%). Of the 36 notifications concerned mycotoxins in 
capsicums, 28 notifications were classified as rejections at the border, 6 as alert and 2 as 
information notification. The main issue notified was AFs in capsicums originating from India 
with 23 notifications (only 1 of which is from Turkey), followed by OTA (11 notifications) 


































from India. According to the RASFF notifications in 2011, the contamination levels in 
capsicums were from 6 (from Turkey) to 82 µg kg-1 (from India) for AFB1 and from 42.4 (from 
Spain) to 137.9 µg kg-1 (from China) for OTA   (http://webgate.ec.europa.eu/rasff-
window/portal). 
 During the period 2002-2011, there were 226 notifications in total on the presence of AFs 
in capsicums, of which 174 were in chilli, 35 in paprika and 17 in other capsicums including red 
pepper, hot pepper and cayenne pepper. The 174 notifications on AFs in chilli were mainly from 
India (80.5%), while notifications on paprika originated mainly from Spain (28.6%), Turkey 
(17.1%) and Peru (11.4%). 
 In contrast to AFs, the large majority of notifications on OTA in capsicums during the 
period 2002-2011 concerned paprika (39 notifications), followed by chilli (15 notifications) and 
other capsicums (16 notifications) including cayenne pepper, dried pepper, red pepper, sweet 
pepper, whole pepper and bell pepper. For paprika, most notifications on OTA concerned 
products from Peru (17 notifications, 43.6%) and Spain (14 notifications, 35.9%), while the 
imported chilli originating mainly from India (8/15, 53.3%), Thailand (2/15, 13.3%) and Spain 
(2/15, 13.3%). Moreover, 23.1% of these notifications on paprika and 53.3% of the notifications 
on chilli simultaneoulsy contained AFs.  
 Moreover, a large number of studies have been performed over the last two decades to 
assess the occurrence and levels of mycotoxins in capsicums. The results of these studies are 
summarised in Table 3. Most of the available contamination data have been obtained from 
Turkey and Pakistan, and the occurence of mycotoxins in capsicums refers to AFs. As can be 


































1 for AFs and from <0.2 to 528 µg kg-1 for OTA, depending on the origin. The highest 
concentrations of AFs and OTA were found in capsicums from Ethiopia and Tunisia, 
respectively. Not surprisingly perhaps the high incidence and levels of AFs and OTA 
contamination in red chilli samples were frequently reported by countries located in tropical and 
subtropical areas (Cho et al., 2008; Jalili and Jinap, 2012). It has also been shown that high levels 
of OTA in red chillies originating from Peru and China could be related to their high humidity 
and special climatology conditions when compared to red chillies from Hungary and Spain with 
dry climatic conditions (ESA, 2011). The ecolological conditions in the red pepper producing 
areas of Peru appear to be suited to the growth of mesophilic/xerophilic moulds (Almela et al., 
2007). 
 In general, AFB1 and AFB2 have been detected more frequently than AFG1 and AFG2 in 
capsicums. This could be explained by both occurrence and invasion of capsicums by A. flavus 
rather than by A. parasiticus. In a study by Vural et al. (2004), A. flavus, Aspergillus fumigatus 
and A. niger were frequently recorded in red chilli flake and red chilli powder samples purchased 
randomly in retail stores in southeastern Anatolia, Turkey. In a similar study, red-scaled pepper 
samples from southeastern Anatolia of Turkey were found to be contaminated with A. niger, A. 
flavus, Aspergillus versicolor, A. ochraceus and Penicillium spp. (Erdogan, 2004). Mandeel 
(2005) demonstrated that A. flavus and A. niger were the most dominants fungi in red chilli 
samples imported from various countries. The mycobiota of paprika samples from the region of 
Murcia in Spain have been shown to be composed of species of Alternaria, Cladosporium, 
Rhizopus, Penicillium and Aspergillus section Nigri, while Aspergillus section Circumdati, black 


































Peru with relatively high OTA levels (Almela et al., 2007). Recently, Reddy et al. (2011) 
reported that A. flavus, A. niger and Aspergillus tamarii were isolated in all chilli samples that 
they analysed from Malaysia. 
 It is also important to note that several toxins may be present simultaneously in 
contaminated red chillies. A combined intake of different type of mycotoxins is believed to lead 
to a possibly higher risk for adverse health effects than the intake of one of these mycotoxins 
alone (Speijers and Speijers, 2004). In this respect, Sedmikova et al. (2001) demonstrated that 
OTA can increase the mutagenicity of AFB1 in the case of their simultaneous occurrence in the 
same substrate. 
In a recent study conducted in the Kabak laboratory, 62.5% (15/24) of red chilli flakes 
were found to be simultaneously contaminated by AFs and OTA, while co-occurrence of AFs 
and OTA was observed in 40.9% (9/23) of red chilli powder samples. It is also important to note 
that red chilli flake and red chilli powder containing the highest levels of OTA (53.04 and 98.24 
µg OTA kg-1, respectively) were simultaneously contaminated by AFB1 with the highest 
concentrations (11.45 and 35.77 µg AFB1 kg-1) respectively (Ozbey and Kabak, 2012). This is 
the first data on the natural co-occurrence of AFs and OTA in chillies from Turkey, while there 
are few studies reporting the incidence of two or more mycotoxins in chillies from various other 
countries. Some of these include the work of Hierro and co-workers who observed that the co-
occurence of AFs and OTA in paprika samples marketed in Spain was 61.9% (Hierro et al. 
(2008), while 5 of 70 ground red pepper (7.1%) samples were found to simultaneously contain 
both AFB1 and OTA at levels higher than the maximum permissible limit of the Hungarian 


































detected in 50% of spices including red pepper, black pepper and cumin marketed in Tunusia 
(Ghali et al., 2008). While more recently, Santos et al. (2010) examined 64 paprika and 35 chilli 
samples available in the Spanish market for the co-occurence of AFs, OTA and zearalenone 
(ZEA). They found that 75% of paprika and 65% of chilli samples contained more than one 
mycotoxin and the incidence of OTA was correlated with the presence of AFB1 and total AFs.  
 
Cinnamon and cassia 
 Cinnamon and cassia spices are the prepared dried bark of the trees belonging to the genus 
Cinnamomum (UNIDO/FAO, 2006). The most important Cinnamomum species are C. cassia 
(Chinese cinnamon), C. verum  (syn. C. zeylanicum, Ceylon cinnamon), C. burmanni 
(Indonesian cassia), C. loureirii (Vietnamese cassia) and C. tamala (Indian cassia) (Jayaprakasha 
and Rao, 2011).  
Cinnamon and cassia spices have for centuries been used in several cultures both for their 
aroma and taste properties (Gruenwald et al., 2010). Indonesia, China, Sri Lanka and Vietnam 
are the major producers and exporters of cinnamon in international markets (FAO, 2010). In 
Turkey, cinnamon is widely used traditionally in the preparation of Turkish rice pudding 
(sütlaç), Turkish hot drink (salep) and cookies. In addition to its culinary uses, cinnamon bark 
has also been used as an antiemetic, antidiarrheal, antiflatulent, stimulant, antipyretic, antiseptic, 
astringent and as a fungicidal (Kunnumakkara et al., 2010; Jayaprakasha and Rao, 2011).  
Cinnamon is likely not to be a good substrate for the growth of mycotoxin-producing fungi 
and mycotoxin accumulation. For example AFs were not detected in cinnamon powder samples 


































al., 1995; Aziz et al., 1998), India (Saxena and Mehrotra, 1989), Ireland (O’Riordan and 
Wilkinson, 2008), Japan (Hitokoto et al., 1978), Korea (Cho et al., 2008) and Turkey (Ozbey and 
Kabak, 2012).  
Several reports have also highlighted that cinnamon compounds such as cinnamic aldehyde 
and eugenol can inhibit the growth of aflatoxin-producing fungi and aflatoxin formation 
(Bullerman et al., 1977; Mabrouk and El-Shayeb, 1980; Tantaoui-Elaraki and Beraoud, 1994). C. 
zeylanicum bark oil has shown fungitoxic properties against fungi such as A. niger, A. fumigatus, 
Aspergillus nidulans and A. flavus (Montes-Belmont and Carvajal, 1998). More recently, Simic 
et al. (2004) reported that the main component of C. zeylanicum (trans-cinnamaldehyde) has an 
inhibitory effect against 17 fungi including A. niger, A. ochraceus, A. flavus, Aspergillus terreus, 
Alternaria alternata, Fusarium tricinctum and Fusarium sporotrichioides. The volatile oils of 
cinnamon have also been found to have inhibitory effect against OTA-producing fungi 
(Morozumi, 1978), and essential oils in cinnamon are known to inhibited the synthesis of OTA 
starting at concentrations of 3% (Pereira et al. 2006). 
Cladosporium (53.2%) and Syncephalostrum (27.1%) were found to be the most dominants 
genera encountered in cinnamon marketed in Serbia, while Eurotium (11.5%), Aspergillus 
(5.5.%) and Penicillium spp. (1.4%) were detected less frequently (Dimic et al., 2008). In a 
similar study, Hitokoto et al. (1978) indicated that Mucor were the dominant fungi in cinnamon 
from Japan, while no Aspergillus species was detected. However, in another study cinnamon was 
found to be contaminated by a number of fungi including potentially mycotoxin producing fungi 
such as A. flavus and A. ochraceus (Elshafie et al., 2002). Hashem and Alamri (2010) found that 


































Arabian supermarkets. Recently, Al-Juraifani (2011) detected AFB1 contamination in 31 of 50 
cinnamon samples marketed in Saudi Arabia, over the range 0.13 – 4.67 µg kg-1, while 
Ramagnoli et al. (2007) reported that one cinnamon powder sample marketed in Italy contained 
AFB1 at a level of 0.98 µg kg-1. In Egypt, Selim et al. (1996) found AFB1 in 2 cinnamon samples 
at levels of 10 and 42 µg kg-1. 
 
Cloves 
Cloves (Szygium aromaticum) are the aromatic unopened dried flower buds of clove tree, 
which belongs to the genus Szygium, family Myrtaceae. Cloves are native to Indonesia and used 
either whole or ground as a spice in many parts of the world. They are also used as a food 
preservative and for therapeutic purposes especially in dental medicine (Kunnumakkara et al., 
2009). Indonesia is the single largest cloves producing country in the world, with a production of 
about 57 000 metric tonnes annually (FAO, 2010). 
There are several reports on the inhibitory effect of clove on A. flavus and A. parasiticus as 
well as on other fungi (Bullerman et al., 1977; Mabrouk and Shayeb, 1980; Hasan and 
Mahmoud, 1993; Chalfoun et al., 2004; Bokhari, 2007). While the main components of clove 
essential oil are eugenol (2-methoxy-4-(2-propenyl-phenol), eugenol acetate, and β-
caryophyllene (Mandrioli et al., 2005; Osman et al., 2012), eugenol is known to be most 
inhibitory to the growth of A. parasiticus and Fusarium moniliforme among the nine different 
oils of spices (Juglal et al., 2002).  
Several studies have shown that there is no discernible mycotoxin risk in cloves. For 


































following countries: Egypt (El-Kady et al., 1995), India (Moorthy et al., 2011), Portugal (Martins 
et al., 2001), Saudi Arabia (Bokhari, 2007) and Sultanate of Oman (Elshafie et al., 2002). 
Moreover, clove marketed in India were found not to contain any detectable amounts of AFs, 
rubratoxin, OTA, citrinin, ZEA and sterigmatocystin (ST) (Saxena and Mehrotra, 1989). 
However, RASFF notifications for high levels of AFs in clove powder between the years 2002-
2011 are rare with one from India in 2009 (29 µg kg-1), and one for OTA (160 µg kg-1) in clove 
powder from Comoros. 
 
Coriander 
Coriander (Coriandrum sativum L.) is an annual herb native to the Mediterranean region 
and which is extensively grown in many climates throughout the world (UNIDO/FAO, 2006). 
The name “coriander” is given to the seeds of the plant, while its leaves are referred to as 
cilantro, Chinese parsley or Mexican parsley. All parts of the plant are edible, but the fresh 
leaves and the dried seeds are the parts most commonly used in cooking (Kunnumakkara et al., 
2009). The green leaves of coriander are commonly consumed as fresh herb, whilst dried 
coriander fruits (seeds) are extensively used as condiments, in the preparation of curry powder, 
pickling spices, sausages and seasonings. Corainder seeds are also used for flavoring pastry, 
cookies, buns and cakes (Bhuiyan et al., 2009).  
The mycoflora of coriander from India has been extensively studied by Rani et al. (1995), 
who reported the incidence of A. flavus, A. niger, A. nidulans, Curvularia lunata, Rhizopus spp., 


































among the spice samples, P. verrucosum was found to be the dominant fungus in coriander 
marketed in Bahrain (Mandeel, 2005). 
 In Egypt, two coriander samples were found to contain AFs at levels of 2 and 8 µg kg-1 
(Aziz and Youssef, 1991). In a screening study in Andhra Pradesh, India, AFs were detected in 6 
out of 50 (12%) coriander samples analysed at levels ranging from non detectable to 3.2 µg kg-1 
(Mayi, 1999). In Bahrain, AFs were found in 50% of coriander samples at a mean level of 1.7 µg 
kg-1 (Musaiger et al., 2008), while only one of 9 coriander samples marketed in Ireland was 
found to be contaminated with AFs at a level of 0.31 µg kg-1 (O’Riordan and Wilkinson, 2008). 
Similarily AFB1 was found in only one (8 µg kg-1) of 5 coriander samples analysed in Egypt (El-
Kady et al., 1995). However, coriander samples commercialised in Italy were found to be AFs-
free (Ramagnoli et al., 2007) and coriander from India which which was tested for type A 
trichothecenes (T-2 toxin and DAS) was also shown to be mycotoxin free (Lincy et al., 2008).  
With respect to OTA, it has previously been reported that essential oils of coriander do not 
produce any inhibitory effect on the mycelial growth or on OTA production in A. carbonarius 
(Basílico and Basílico, 1999).  While, Thirumala-Devi et al. (2001) showed that 20 out of 50 
coriander samples from India contained OTA in the range of 10 – 51 µg kg-1. In a recent study in 
Tunisia, OTA was detected in 50% (10/20) of coriander samples at levels ranging from 74 to 576 
µg kg-1 (Zaied et al., 2010). 
 
Cumin     
Cumin is the dried seed of the Cuminum cyminum L., belonging to the family of Apiaceae 


































medicinal and therapeutic properties (UNIDO/FAO, 2006). Turkey is one of the larger producer 
and exporter of cumin with a production of 12.587 tonnes in 2010 (TUIK, 2010). 
Cumin appears to be a harsh substrate and may contain inhibitory agents which are active 
against aflatoxin production (Llewellyn et al., 1981b). It has been reported that cumin 
significantly suppressed aflatoxin formation and completely inhibited ST production (Hasan and 
Mahmoud, 1993). In another study, Bokhari (2007) showed that cumin retarded citrinin 
production, while ST production by A. versicolor was not affected by cumin. The major 
components of cumin essential oils includes α-pinene (29.2%), limonene (21.7%), 1,8-cineole 
(18.1%), linalool (10.5%), linalyl acetate (4.8%) and α-terpineole (3.2%) (Mohammodpour et 
al., 2012). 
The fungi, A. niger, A. flavus, A. ochraceus, A. fumigatus, A. ustus, A. clavatus, A. sydowii, 
Penicillium dunkii, Penicillium oxalicum, Penicillium brevicompactum, Penicillium waksmani, 
Fusarium oxysporum, Alternaria alternata, Cladosporium cladosporioides, Rhizopus stolonifer, 
Rhizoctonia solani, Eurotium repens, Stemphylium  botryosum, Gliocladium roseum, 
Acremonium strictum and Mucor racemosus have previously been isolated from the green cumin 
collected from Saudi Arabian supermarkets (Hashem and Alamri, 2010), while A. flavus, A. 
fumigatus and A. niger were found to be dominant in cumin samples from Turkey.  
 Cumin has intermittently been reported to be contaminated with mycotoxins. AFs were 
detected in 18 of 57 cumin samples commercialised in Turkey at levels ranging from <1 to 12 µg 
kg-1 (Dincoglu and Karacal, 2006). In another study, Kursun and Mutlu (2010) reported that AFs 
contamination varied from 4.55 to 8.57 µg kg-1 in cumin from Turkey, while Bircan (2005) did 


































conducted by the Kabak group, 21.1% (4/19) and 5.3% (1/19) of cumin contained AFB1 and 
OTA, at mean values of 0.14 and 0.06 µg kg-1, respectively (Ozbey and Kabak, 2012). 
 In Portugal, Martins et al. (2001) have reported AFB1 in 3 out of 7 cumin samples, ranging 
from 1 to 2.8 µg kg-1. In Morocco, 57% of cumin samples were found to contain AFs at levels  
up to 0.18 µg kg-1 (Zinedine et al., 2006). In Malaysia, AFB1 was found in 2 out of 3 samples 
analysed in the range of 1.89 – 4.64 µg kg-1 (Reddy et al., 2011), while no AFs were detected in 
6 cumin samples marketed in Ireland (O’Riordan and Wilinson, 2008) and one cumin sample 
from Italy (Ramagnoli et al., 2007).  
 With regard to other mycotoxins, ST was reported in 3 out of 5 cumin samples from Egypt 




 Ginger (Zingiber officinale), a member of the tropical and sub-tropical Zingiberaceae, is 
one of the oldest known spices used as a flavourant in foods. It has also been documented to be 
of used in treating headaches, nausea and colds (Zhao et al., 2009). Ginger is marketed in several 
forms such as fresh or dried products, liquid or solid extracts, tablets or capsules, bulk powder 
and in tea bags (Whitaker et al., 2009). India, China, Nepal, Thailand and Nigeria are the world’s 
largest producers and exporters of ginger. 
 Ginger rhizome is reported to contain 3-6% fatty oil, 9% protein, 60-70% carbohydrates, 3-
8% crude fiber, 8% ash, 9-12% water and 2-3% volatile oil (Baliga et al., 2011). The gingerols 


































Wang and Ng (2005) found an antifungal protein in ginger rhizomes, and this protein had a 
strong antifungal activity toward various fungi. 
 On the other hand, AFs and OTA have been reported in ginger products in several studies. 
In Morocco, AFs were found in 10 out of 12 ginger samples up to a level of 9.1 µg kg-1 
(Zinedine et al., 2006). In Korea, Cho et al. (2008) reported that only one of 7 ginger samples 
analysed contained AFs (0.18 µg kg-1). In India, Thirumala-Devi et al. (2001) found that only 2 
of 25 ginger samples contained OTA at levels of 23 and 80 µg kg-1. In another study, all 25 
bottles of ginger capsules (60 capsules/bottle, 625 mg/capsule) contained AFs and OTA at levels 
of 6.2-12.3 and 1.8-2.9 µg kg-1, with mean values of 8.7 and 2.2 µg kg-1, respectively. The 
authors also revealed that AFG1 level was about 10% higher than that of the AFB1, which was 
unexpected since AFB1 is usually the major aflatoxin found in agricultural commodities 
(Trucksess and Scott, 2008). Iha and Trucksess (2010) investigated the migration of AFs and 
OTA from naturally contaminated powdered ginger to surrounding liquid (tea). They observed 
that at 100oC, approximately 30-40% of AFB1 and total AFs and 20-30% of OTA in the 
contaminated ginger were found in the ginger tea, while at 50oC, about 10% of AFs and OTA 
were found in tea. 
 Moreover, the RASFF received a total of 19 notifications dealing with AFs in ginger 
during the period 2002-2011, of which 13 originated from India (68.4%), 5 from Nigeria (26.3%) 
and 1 from China (5.3%), while there was no notification for OTA. 
However, in contrast AFs were not detected in ginger samples marketed in Portugal 
(Martins et al. 2001) and Saudi Arabia (Bokhari, 2007). While ginger marketed in Belgium, the 


































et al., 2006). With respect to other mycotoxins, type A trichothecenes (T-2 toxin and DAS) were 
not found in ginger samples from India (Lincy et al., 2008). 
 
Nutmeg 
Nutmeg (Myristica fragrans) is the kernel of the seed, removed from its husk and seed 
covering (aril), of the cultivated evergreen nutmeg tree of the Myristica genus, which is native to 
the Moluccas of Indonesia. The tissue of the seed kernel is yellowish in colour, with dark strands 
passing through it which contain the essential oil. Nutmeg is one of the most important spices 
used domestically on a worldwide basis. It is typically used for a variety of applications 
including (for seasoning soups, sauces, vegetables, meat and fish dishes), for sausage products, 
in baking, for liqueur production, in the food industry and for the production of essential oils 
(http://www.tis-gdv.de/tis_e/ware/gewuerze/muskatnu/muskatnu.htm). Indonesia and Grenada 
are world’s major producers and exporters of nutmeg. 
Inadequate drying and insect infestation of nutmegs can make the product susceptible to 
fungal attack and subsequently mycotoxin formation. A. flavus has been detected in nutmeg from 
Bahrain as the predominant fungal contaminant, followed by Rhizopus stolonifer (Mandeel, 
2005). AFs were detected in 30 of 32 ground nutmeg samples commercialised in The 
Netherlands at concentrations ranging from 2.7 to 36.5 µg kg-1, while no AFs were detected in 8 
whole nutmeg kernels (Belijaars et al., 1975). In a study which monitored 67 nutmeg samples in 
Japan between 1986 and 1991, 29 (43%) were found to contain AFB1 (Takahashi, 1993). 
According to information on the occurrence of AFs in imported spices in the European Union, 


































8 of 10 nutmeg samples analysed contained AFB1 at levels ranging from 1.25 to 58 µg kg-1 
(Martins et al., 2001), while AFB1 was detected in only one of 3 nutmeg commercialised in Italy 
at a level of 2.27 µg kg-1 (Ramagnoli et al., 2007). However, El-Kady et al. (1995) did not detect 
AFs in 5 nutmeg samples from Egypt. Similarily, OTA was not found in nutmeg purchased from 
retail shops in Belgium, The Netherlands or Russia (Goryacheva et al., 2006). 
In recent years, many rapid alerts on AFs in nutmegs have been issued by the European 
Commission. Between the years 2002-2011, the RASFF received a total of 61 notifications of 
mycotoxins in nutmeg of which 60 notifications concerned AFs particularly originating from 
Indonesia (25/60, 41.7%) and India (22/60, 36.7%). A large majority of these notifications have 
been received in the last two years (22 notifications in 2010 and 13 notifications in 2011). In 
marked contrast there have only been 2 notifications of OTA (in one notification OTA was 
simultaneously found with AFs) in nutmeg originating from India. 
 
Saffron 
The saffron spice is the dried stigma of Crocus sativus L. and belongs to the family 
Iridaceae. It is mainly cultivated in Iran, Mediterranean countries (Spain, France, Italy, Greece, 
Turkey, Libya) and India (Giaccio, 2004). Saffron gives a golden colour to food but due to its 
powerful and distinctive flavour, it is routinely used in soups, stews, bread and rice dishes in 
cusines in many countries (Peter, 2006). The composition of saffron is 14-16% water, 11-13% 
nitrogenous matters, 12-15% sugars, 41-44% extract soluble, 0.6-0.9% volatile oil, 4-5% fibres, 


































biologically active substances including picrocrocin, safranal, crocin and crocetin (Giaccio, 
2004). 
It has been reported that the biological active compound of saffron, crocetin protects 
against oxidation damage in rats primary hepatocytes, in particular a suppression of AFB1-
induced hepatotoxic lesions and has protective effects on the bladder toxicity induced by 
cyclophosphamide. The toxicity reduction seems to be due to the property of crocetin to 
stimulate defence mechanisms from the liver cells with an increase in glutathione-S-transferase 
activity (Giaccio, 2004). 
A. flavus, A. parasiticus and A. niger were found to be the most frequent fungi in saffron 
samples imported from India (Aziz et al., 1998). In Egypt, Donia (2008) isolated A. flavus, A. 
niger, A. terreus, A. fumigatus, A. candidus, A. ochraceus, A. crothecium, Penicillium spp., 
Fusarium spp. and Mucor spp. from saffron samples. No mycotoxins including AFB1, OTA, 
penicillic acid, ZEA and T-2 toxin were detected in saffron imported from India (Aziz et al., 
1998), whereas AFB1 was detected in 2 out of 5 saffron marketed in Portugal at levels of 2 and 
2.8 µg kg-1 (Martins et al., 2001).  
 
Turmeric 
Turmeric (also known as Indian saffron in Europe), derived from the rhizome of the plant 
Curcuma longa L., is a yellow coloured spice commonly used in the Indian subcontinent. 
Turmeric is used to preserve food through its antioxidant mechanism, to give colour and flavour 


































including gas, colic, toothaches, chest pains, menstrual difficulties, stomach and liver problems, 
and to heal wounds (Aggarwal et al., 2007). 
Turmeric contains a wide variety of phytochemicals including curcumin, 
demethoxycurcumin, bisdemethoxycurcumin, zingiberene, curcumenol, curcumol, eugenol, 
tetrahydrocurcumin, triethylcurcumin, turmerin, turmerones and turmeronols (Aggarwal et al., 
2007). Turmeric extract has been reported to effectively inhibit the growth of A. flavus (68%) 
and AFB1 production (72.2%) at 5 g kg-1 concentration (Reddy et al., 2009). 
Curcumin an extract of turmeric, is the most active compound and plays an important role 
in ameliorating aflatoxin-induced hemolysis (Mathuria and Verma, 2007). Curcumin has been 
shown to inhibit AFs production more than 90% at concentrations of 5-10 mg ml-1. Turmeric and 
curcumin were also found to reverse the aflatoxin induced liver damage produced by feeding 
AFB1 (5 µg/day per 14 days) to ducklings (Soni et al., 1992). In another study, dietary 
administration of turmeric (0.05%) and curcumin (0.005%) to rats significantly reduced the 
number of gammaglutamyl transpeptidase-positive foci induced by AFB1 which is considered as 
the precursor of hepatocellular neoplasm (Soni et al, 1997). In a recent study, Yarru et al. (2009) 
demonstrated partial protective effects of curcumin on changes in expression of antioxidant, 
biotransformation and immune system genes in the livers of chicks fed AFB1. In a similar study, 
turmeric powder (100-200 mg kg-1 b.w.) and curcumin (50-100 mg kg-1 b.w.)  were shown to 
display protective effects against AFB1 (2 µg kg-1 b.w.) induced toxicity by modulating lipid 
peroxidation and augmenting defense system (Sharma et al., 2011). 
While it contains some active substances which are active against toxigenic fungi, several 


































one of 3 turmeric samples from Pakistan at a level of 6.54 µg kg-1 (Hussain et al., 2012). In 
Ireland, 4 out of 10 turmeric samples were found to be contaminated with AFs at a mean level of 
1.9 µg kg-1 (O’Riordan et al., 2008), while turmeric samples were AFs-free in Italy (Ramognoli 
et al., 2007) and Bahrain (Musaiger et al., 2008). 
There has been only one report of finding OTA in turmeric, with 9 out of 25 samples from 
India being positive; at levels ranging from 11 to 102 µg kg-1 (Thirumala-Devi et al., 2001). In 
the USA, FB1 was detected in only one of three turmeric powder samples at a level of 150 µg kg-
1 (Trucksess et al., 2006), while type A trichothecenes were not found in one turmeric sample 
from India (Lincy et al., 2008). 
With regard to RASFF notification, a total of 14 notifications were received on mycotoxins 
in turmeric samples since 2002, of which 13 notifications concerned AFs and only one 
notification concerned OTA; all of which originated from India.  
 
Black cumin 
 Black cumin (Nigella sativa L.), is an annual plant from the Ranunculaceae family, which 
originates in the Mediterranean region but which is indigenous to the countries of the Middle 
East, North Africa and Southeastern Europe. Black cumin is used principally to flavour food, 
either as whole seeds, in powdered form or as an oleoresin extract. It also possesses a high value 
as a herbal medicine (Luetjohann, 1998).    
 It has been reported that A. flavus, A. parasiticus, Penicillium variable, Rhizopus 
stolonifer and Mucor pusillus are the main fungi which have been isolated from black cumin 


































observed in black cumin among 16 various types of spices from three different districts of India 
(Moorthy et al., 2011).  
An Egyptian study has shown that black cumins can be naturally contaminated with 
mycotoxins, with 2 out of 5 black cumin samples being found to be contaminated with 
mycotoxins at levels 25 and 31 µg kg-1 for AFs and 8 and 12 µg kg-1 for citrinin (El-Kady et al., 
1995). Similarily AFs (20-30 µg kg-1) and OTA (35 µg kg-1)  have been detected in black cumins 
imported from India (Aziz et al., 1998). More recently, Bokhari (2007) found AFs contamination 
(40% incidence) in black cumin from Saudi Arabia in the ranging from 24 to 35 µg kg-1. 
 
Dill 
Anethum graveolens L., commonly known as dill is an annual herb, which is native to the 
Mediterranean region and to southeastern Europe (Heamalatha et al., 2011). The genus name 
Anethum is derived from the Greek word aneeson or aneeton, which means strong smelling. Its 
fresh and dried aromatic leaves are used for flavouring and seasoning in various foods such as 
salads, soups, pickles and sauce. Its leaves are also used for the preparation of tea. The aromatic 
dill seeds are often used as a spice, and are also known to display carminative, mildly diuretic, 
galactogogue, stimulant and stomachic properties (Jana and Shekhawat, 2010). 
Dill oil is extracted from seeds, leaves and stems, which contains an essential oil (EO) used 
as flavoring in the food industry (Jana and Shekhawat, 2010). The major components detected in 
dill oil are carvone (41.5-55.2%), limonene (16.6-32.6%), apiole (14.4-16.8%), linalool (3.7%), 
trans-dihydrocarvone (2.8%), cis-dihydrocarvone (2.6%), trans-isocroweacin (0.8%), together 


































major components in dill extract are dill apiole (43.2%), linoleic acid (23.1%), trans-anethole 
(11.0%), 2-propanone, 1-(4-methoxyphenyl) (4.6%), carvone (3.1%), p-anisaldehyde (2.7%), 
myristicin (1.5%), palmitic acid (1.3%) and foeniculin (0.9%) (Singh et al., 2005). 
It has been shown that EOs of dill have antifungal activity against A. flavus and AFB1 
production  in vitro (El-Habib, 2012) as well as other Aspergilli ( Singh et al., 2005; Tian et al., 
2011; Isopencu and Ferdes, 2012). The EO of dill has been observed to disrupt the permeability 
barrier of the plasma membrane and inhibit the mitochondrial ATPase of A. flavus (Tian et al., 
2012). In another study, the EO of dill, dillapiol inhibited AFG1 production by A. parasiticus 
with an IC50 value of 0.15 µM without inhibiting either AFB1 production or fungal growth 
(Razzaghi-Abyaneh et al., 2007). 
While there is no much data on the natural occurrence of mycotoxins in dill, two studies 
have been performed; neither of which detected AFs in dill samples in Canada (Scott and 
Kennedy, 1975) and Egypt (Donia, 2008). 
 
Mentha 
 Mentha (also known as mint) is a genus of about 18 species of flowering plants in the 
family Lamiaceae, which is widely distributed across all continents (except in South America 
and Antartica). The centers of variety of this genus are Europe, Australia, Central Asia, North 
Africa and the Mediterranean region (Mkaddem et al., 2009). M. piperita (peppermint), M. 
pulegium, M. spicata (spearmint) and M. longifolia is the most common species in Turkey. Mint 
leaves, fresh or dried, are used in teas, beverages, salad, chewing gum and candies. It is also 


































 The EOs of mint contain varying levels of monoterpenoids like carvone, limonene, 
menthone, menthol, pulegone and dihydrocarveol (Mkaddem et al., 2009), which have been 
shown to possess antioxidant (Elmasta et al., 2006; Gulluce et al., 2007; Dhifi et al., 2012) and 
antimicrobial activity (Gulluce et al., 2007; Mkaddem et al., 2009). Mint EOs inhibited both 
mycelial growth and AFs formation in A. flavus on rice powdercorn steep medium (Mabrouk and 
El-Shayeb, 1980), yeast extract-sucrose medium (El-Habib, 2012) and stored corn (Gibriel et al., 
2011). The minimum inhibition concentration of mentha EO against A. flavus was recorded as 
400 µl L-1 (Kumar et al., 2009). 
 Mint leaves marketed in Egypt have been reported not to contain AFB1, OTA, penicillic 
acid, ZEA and T-2 toxin (Aziz et al., 1998; Donia, 2008), while El Kady et al. (1995) found AFs 
in only one of 5 peppermint from Egypt. In a recent work, AFs were not detected in any of 30 
samples of mint from the Vayk region of Armenia (Grigoryan et al., 2011). 
 
Thyme  
 Thyme (Thymus vulgaris L., also known as garden thyme), belongs to the Lamiaceae 
family and is an aromatic and medicinal herb which is native to the Western Mediterranean 
region. It has been used for many years as an aromatic ingredient in cuisine and as a folk 
medicine in many countries. Fresh and dried forms of the herb are used for seasoning fish, 
poultry, soups, vegetables, flavoring liqueur, as well as in herbal teas (Ozcan and Chalchat, 
2004).  
 The EO in thyme possesses a wide spectrum of fungicidal activity (Segvic Klaric et al., 


































of the quantities of the two basic components, thymol and carvacrol (Isopencu and Ferdes, 
2012). It has been shown that thymol isolated from thyme leaves can inhibit both mycelial 
growth and AFs production (Llewellyn et al., 1992; Montes-Belmont and Carvajal, 1998; 
Rasooli and Abyaneh, 2004; Razzaghi-Abyaneh et al., 2009; Da Silva et al., 2012). Soliman and 
Badeaa (2002) have shown that thyme EO was inhibitory at a concentration of 500 mg kg-1 
against A. flavus, A. parasiticus, A. ochraceus and Fusarium moniliforme. The same effect was 
demonstrated by Nguefack et al. (2004), who reported that thyme EO at a concentration of 200 
mg kg-1 reduced the radial growth of A. flavus by 81%, while complete inhibition of conidial 
germination of A. flavus was achieved at a concentration of 1000 mg kg-1. It has also been 
reported that thyme oils at doses between 250 and 500 mg day-1, for 28 days, were able to 
modify rumen fermentation in sheep by changing protozoal activity and motility and could 
approximately normalized the adverse effects of aflatoxin (Abdel-Fattah et al., 2010). 
 AFs and other toxins have not been reported to be present in thyme (El-Kady et al., 1995; 
Ramagnoli et al., 2007), while A. niger, Penicillium arenicola and Rhizopus stolonifer were most 
frequently isolated species on thyme from Saudi Arabia (Hashem and Alamri, 2010). 
  
Mustard seed 
 Mustard, which belongs to the genera Brassica and Sinapis are cultivated for their dried 
ripe seeds, with colours ranging from white (Sinapis alba L.) to brown Indian mustard (Brassica 
juncea L.) and black mustard (Brassica nigra L.) (Tomar-Balhara et al., 2006; UNIDO/FAO, 
2006). Canada and Nepal are the major mustard seed producers in the world. Mustard seeds are 


































Mediterranean, North America and Africa or prepared mustard (condiment). Mustard seeds are 
also an important source of edible oil in several countries. 
 Mustards have been reported to be sensitive to aflatoxin contamination under both field 
conditions and during storage, and various levels of AFs contamination have been detected in 
mustard seeds (Bilgrami et al., 1992). Aflatoxin contamination in mustard seeds may be ascribed 
to several environmental agronomic and biological factors among which the temperature and 
humudity of the storage site are most significant (Tomar-Balhara et al., 2006). Sahay and Prasad 
(1990) studied the presence of AFs in 100 samples each of seed, oil and cakes of mustard from 
India. The authors detected AFs in 44 mustard seed, 33 mustard oil and 80 mustard cakes up to 
levels of 750, 87 and 1420 µg kg-1, respectively. Twenty-five percent of A. flavus isolates (286 
out of 1143 isolates screened) from mustard products were also toxigenic, producing different 
components of aflatoxins in varying concentrations. In a similar study, 42 out of 135 samples of 
mustard collected and stored in traditional storage structures in India contained AFB1 (Ranjan et 
al., 1992). In contrast however, Martins et al. (2001) did not detect AFB1 in mustard seeds being 
marketed in Portugal. 
 
Sesame seed 
 Sesame (Sesamum indicum L.), an annual herb; is considered to be the oldest oilseed crop 
cultivated in several countries (Asadi et al., 2011). Sesame is grown for its seed in a wide range 
of environments from tropical to temperate climates and requires mean temperatures above 10oC 
up to a 40oC maximum (UNIDO/FAO, 2006). Mynmar is the largest producer of sesame seeds in 


































Uganda (FAO, 2010). Sesame seed is widely used in various cuisines. It is the main ingredient of 
traditional sweets such as tahin, humus and helva, which are very popular in Turkey and in 
various Middle Eastern countries. In Turkey, the seeds are also added to bakery products such as 
simit (a circular bread with sesame seeds), pide (flat bread), breadsticks, cookies etc. 
 It has been shown that sesame seeds are sensitive to A. flavus invasion and subsequently 
aflatoxin formation (Llewellyn et al., 1981a; Jonsyn, 1988; Habibi and Banihashemi, 2008; 
Mbah and Akueshi, 2009). Toxigenic species of Aspergillus and Penicillium have been isolated 
in sesame seeds from Sierra Leone. AFB1, AFG1, OTA and citrinin have also been detected in 
these seeds (Jonsyn, 1988). Tabata et al. (1993) found AFB1 in 2 of 19 sesame seed samples with 
levels of 0.6 and 2.4 µg kg-1. Surprisingly, no type B aflatoxins were detected in 20 sesame seed 
samples in a Turkish study; while AFG1 occurred in all samples at a mean level of 0.75 µg kg-1 
(Yentür et al., 2006). In another study conducted in the Khorasan province of Iran, sesame seeds 
contained AFB1 in 33 out of 182 samples analysed ranging from 0.49 to 5.54 µg kg-1 (Asadi et 
al., 2011). In a similar recently conducted study in Malaysia, Reddy et al. (2011) found AFB1 in 
7 out of 8 sesame seed samples (87.5%) in the range of 0.54-1.82 µg kg-1, with a mean level of 
0.9 µg kg-1. More recently, Ezekiel et al. (2012) investigated 17 sesame samples from Nigeria by 
LC/ESI-MS/MS for the presence of fungal and bacterial metabolites. They detected DON and 
ZEA in 15 out of 17 samples, but at levels 8-76 µg kg-1 and 0.7-38 µg kg-1, respectively; while 
AFs and fumonisins (FB1 and FB2) were not found in all sesame seeds. Similarly, Ramagnoli et 
al. (2007) could not detect AFs in 27 sesame seed samples commercially available in Italy. 
 With regard to sesame-based products, Li et al. (2009) detected AFs in 37 out of 100 


































AFs. Even though the roasting process is used, AFB1 can be detected in tahin (tahini in Arabic) 
samples. Nilüfer and Boyacıoğlu (2002) found total AFs in one of 14 tahin samples with high 
level (176 µg kg-1). However, AFB1 was not detected in any 34 plain helva samples consumed in 
Turkey (Var et al., 2007). Aflatoxin contamination was not observed in sesame oil (n = 20) in 
Japan (Kumagai et al., 2008), while all sesame oils in Khartoum State, Sudan contained AFs 
with levels higher than 20 µg kg-1 (Elzupir et al., 2010). In another study, trace levels of OTA 
have been reported in a sample of sesame oil (Patel et al., 1996).   
 
Curry powder 
 Curry powder is a mixture of a wide variety of spices of varying composition based on 
South Asian cuisine. Most receipts and producers of curry powder usually include turmeric, 
coriander, cumin, fenugreek, and red chilli in their blends. Depending on the receipe, additional 
ingredients such as ginger, garlic, fennel seed, caraway, cinnamon, clove, mustard seed, 
cardamom, nutmeg and black pepper may also be added.  
 AFs have been reported to occur in curry powder marketed in various countries. In 
Portugal, Martins et al. (2001) detected AFB1 in 2 out of 5 curry powder samples at levels of 1 
and 3 µg kg-1. In Bahrain, 83% of mixed curry powder analysed contained AFs at mean level of 
6.8 µg kg-1 (Musaiger et al., 2008). In Ireland, AFs were detected in 3 out of 20 curry powders, 
ranging from 0.5 to 9.1 µg kg-1 (O’Riordan and Wilkinson, 2008). In another screening study in 
Korea, Cho et al. (2008) found AFs in 2 out of 20 curry powder at levels of between 0.13 and 
0.46 µg kg-1. In another study, Menon  and Zavaier (2010) observed that 12 of 20 retail samples 


































conducted in Germany, AFs and OTA were simultaneously detected in all curry powder samples, 
with mean levels of 0.35 and 1.44 µg kg-1, respectively (Reinhold and Reinhardt, 2011). 
 In the category “herbs and spices”, there have been many notifications of mycotoxins in 
curry powder, followed by capsicums and nutmeg. There were 48 notifications concerning 
detection of AFs in curry powder particularly from India (79.2%) and Pakistan (14.6%) in the 
years between 2002 and 2011. Of these notifications, OTA was however simultaneously found 
with AFs in only one notification which originated from India. 
 
Other spices 
 There are limited reports on the occurrence of mycotoxins in many other spices and herbs. 
In a large screening study in Egypt, AFs were detected in 3 out of 5 anise (30 – 35 µg kg-1), 3 out 
of 5 caraway (14 – 18 µg kg-1), 2 out of 5 fennel (20 – 25 µg kg-1) and one out of 5 marjoram (9 
µg kg-1) samples, while STC was detected in only one of marjoram (17 µg kg-1) and 3 of the 
caraway samples (14 – 18 µg kg-1) (El-Kady et al., 1995). They also observed that cardamom, 
laurel, mastic, rosemary and safflower were mycotoxin-free. In another Egyptian study, AFB1 
was found in Karkadia (24 µg kg-1), Halfa bar (camel’s hay, 64 µg kg-1), rawind (48 µg kg-1), 
khashab keena (cinchona bark, 49 µg kg-1), misht ballot (26 µg kg-1) kesher romman 
(pomegrenate peel, 105 µg kg-1), somowa (cleme, 26 µg kg-1) and salamakka (senna pods, 48 µg 
kg-1) (Selim et al., 1996). Aziz et al. (1998) tested a total of 14 different medicinal plants and 
spices imported from India for the incidence of AFB1, OTA, penicillic acid, ZEA and T-2 toxin. 
They detected AFB1 in 33% of fennel, 14% of lime tree, 14% of absinthium, 40% of ginger, 25% 


































160 µg kg-1; while no AFB1 was found in curcuma, rosse and lesser glangel. OTA was detected 
only in fennel and absinthium at levels of 80 and 20 µg kg-1, respectively; while penicillic acid, 
ZEA and T-2 toxin were not detected in any of the medicinal plant and spices samples.  
Rizzo et al. (2004) studied the incidence of toxigenic fungi and their mycotoxins in 152 
dried medicinal and aromatic herbs, belonging to 56 species; which are used as raw materials for 
drugs. A. flavus and A. parasiticus (Flavi section) were reported to be the predominant species 
isolated. AFs concentrations ranged between 10 and 2000 µg kg-1. The authors also revealed that 
only 26% of isolates from the Circumdati section (A. alliaceus, A. ochraceus and A. sclerotium) 
produced OTA ranging from 0.12 to 9 µg kg-1. Moreover, from a total of 29 strains of Fusarium 
spp., 27.5% were F. verticillioides and F. proliferatum, which produced fumonisin B1 and 
fumonisin B2 ranged from 20 to 22000 µg g-1 and from 5 to 3000 µg g-1, respectively. In another 
survey conducted in Tunusia, Zaied et al. (2010) reported that OTA was found in 54% (13/24) of 
caraway and 52% (13/25) of curcuma samples at levels ranging from 28 to 510 µg kg-1 and 39 to 
925 µg kg-1, respectively; while many of the aromatic herbs such as turmeric, coriander, fennel 
seeds, marjoram, thyme, basil leaves, garlic, laurel leaves, parsley, popy-seeds and rosemary 
commercialised in Italy were AFs-free (Ramognoli et al., 2007). 
  
CONCLUSIONS 
While most dried foods are considered comparatively low-risk products from a of 
microbiological standpoint, herbs and particularly spices, are an exception and commonly 
contain high levels of fungi and other microorganisms that can potentially cause food poisoning. 


































harvesting, washing and sun-drying which can take place either “on farm”, or also during 
subsequent processing and storage. Most of the spices traditionally traded throughout the world 
are products of tropical environments. The climatic conditions (high humidity and high 
temperature) in herbs and spices producing areas are particularly suited to mould growth and 
subsequently mycotoxin formation. It is well established that the risk of AFs contamination is 
higher in geographical regions with a tropical or sub-tropical climate. Among the herbs and 
spices, capsicums, nutmeg, curry powder, ginger, turmeric and black pepper tend to have a 
comparatively high risk of mycotoxin (especially AFs and OTA) contamination. The absence or 
low mycotoxin contamination in other spices and herbs indicates that they are likely not to be a 
good substrate for fungal growth or may result from inhibition of fungal proliferation and 
mycotoxin production by their EOs and aromatic substances. Good agricultural practices (GAP) 
coupled with good manufacturing practices (GMP), including removing injured and diseased 
fruits, avoiding contact with soil during drying, quickly reaching  “safe” moisture levels, 
improved drying methods and storage conditions, increased hygienic practices and safer 
packaging procedures have resulted in much lower levels of  mycotoxin contamination in spices 
and herbs. Furthermore, the use of ongoing training programs for farmers, manufacturers and 
traders about GAP and GMP by Food Safety Authorities in various countries, should be 
continued and further encouraged as this is also having a very beneficial effect in lowering the 





































Abdel-Fattah, S. M., Abosrea, Y. H., Shehata, F. E., Flourage, M. R., and Helal, A. D. (2010). 
The efficacy of thyme oil as antitoxicant of aflatoxin (s) toxicity in sheep. J. Am. Sci. 6: 
948-960. 
Aggarwal, B. B., Sundaram, C., Malani, N., and Ichikawa, H. (2007). Curcumin: the Indian solid 
gold. Adv. Exp. Med. Biol. 595: 1-75. 
Ağaoğlu, S. (1999). Van ilinde açıkta satılan kırmızı pul biberlerde aflatoksin B1 varlığının 
araştırılması. Van Tıp Dergisi 6: 28-30. 
Ahn, J., Kim, D., Jang, H.-S., Kim, Y., Shim, W.-B., and Chung, D.-H. (2010). Occurrence of 
ochratoxin A in Korean red paprika and factors to be considered in prevention strategy. 
Mycotoxin Res. 26: 279-286. 
Al-Juraifani, A. A. (2011). Natural occurrence of fungi and aflatoxins of cinnamon in the Saudi 
Arabia. Afr. J. Food Sci. 5: 460-465. 
Almela, L., Rabe, V., Sánchez, B., Torrella, F., López-Pérez, J. P., Gabaldón, J. A., and 
Guardiola, L. (2007). Ochratoxin A in red paprika: relationship with the origin of the raw 
material. Food Microbiol. 24: 319-327. 
Ardic, M., Karakaya, Y., Atasever, M., and Durmaz, H. (2008). Determination of aflatoxin B1 
levels in deep-red ground pepper (isot) using immunoaffinity column combined with 
ELISA. Food Chem. Toxicol. 46: 1596-11598. 
Asadi, M., Beheshti, H. R., and Feizy, J. (2011). A survey of aflatoxins in sesame in Iran. 


































Aydin, A., Erkan, M. E., Başkaya, R., and Ciftcioglu, G. (2007). Determination of aflatoxin B1 
levels in powdered red pepper. Food Control 18: 1015-1018. 
Aziz, N. H., and Youssef, Y. A. (1991). Occurrence of aflatoxins and aflatoxin-producing 
moulds in fresh and processed meat in Egypt. Food Addit Contam. 8: 321-331. 
Aziz, N. H., Youssef, Y. A., El-Fouly, M. Z., and Moussa, L. A. (1998). Contamination of some 
common medicinal plant samples and spices by fungi and their mycotoxins. Bot. Bull. 
Acad. Sin. 39: 279-285. 
Baliga, M. S., Haniadka, R., Pereira, M. M., D’Souza, J. J., Pallaty, P. L., Bhat, H. P., and 
Popuri, S. (2011). Update on the chemopreventive effects of ginger and its phytochemicals. 
Crit. Rev. Food Sci. Nutr. 51: 499-523.  
Bartine, H., and Tantaoui-Elaraki, A. (1997). Growth and toxigenesis of Aspergillus flavus 
isolates on selected spices. J. Environ. Pathol. Toxicol. Oncol. 16: 61-65. 
Basílico, M. Z., and Basílico, J. C. (1999). Inhibitory effects of some spice essential oils on 
Aspergillus ochraceus NRRL 3174 growth and ochratoxin A production. Lett. Appl. 
Microbiol. 29: 288-241. 
Belijaars, P. R., Schumans, J. C., and Koken, P. J. (1975). Quntitative fluorodensitometric and 
survey of aflatoxins in nutmeg. J. Assoc. Off. Anal. Chem. 58: 263-271. 
Bhuiyan, N. I., Begum, J., and Sultana, M. (2009). Chemical composition of leaf and seed 
essential oil of Coriandrum sativum L. from Bangladesh. Bangladesh J. Pharmacol. 4: 
150-153. 
Bircan, C. (2005). The determination of aflatoxins in spices by immunoaffinity column 


































Bircan, C., Barringer, S. A., Ulken, U., and Pehlivan, R. (2008). Aflatoxin levels in dried figs, 
nuts and paprika for export from Turkey. Int. J. Food Sci. Technol. 43: 1492-1498. 
Bilgrami, K. S., Choudhary, A. K., and Ranjan, K. S. (1992). Aflatoxin contamination in field 
mustard (Brassica juncea) cultivars. Mycotoxin Res. 8: 21-26. 
Bokhari, F. M. (2007). Spices mycobiota and mycotoxins available in Saudi Arabia and their 
abilities to inhibit growth of some toxigenic fungi. Mycobiol. 35: 47-53. 
Bullerman, L. B., Lieu, F. Y., and Seier, S. A. (1977). Inhibition of growth and aflatoxin 
production by cinnamon and clove oils. Cinnamic aldehyde, and eugenol. J. Food Sci. 42: 
1107-1109. 
Chalfoun, S. M., Pereira, M. C., Resende, M. L. V., Angelico, C. L., and Da Silva, R. A. (2004). 
Effect of powdered spice treatments on mycelial growth, sporulation and production of 
aflatoxins by toxigenic fungi. Ciênc Agrotec 28: 856-862. 
Cho, S.-H., Lee, C.-H., Jang, M.-R., Son, Y.-W., Lee, S.-M., Choi, I.-S., Kim, S.-H., and Kim, 
D.-B. (2008). Aflatoxins contamination in spices and processed spice products 
commercialized in Korea. Food Chem. 107: 1283-1288. 
Colak, H., Bingol, E. B., Hampikyan, H.,  and Nazlı, B. (2006). Determination of aflatoxin 
contamination in red-scaled, red and black pepper by ELISA and HPLC. J. Food Drug 
Anal. 14: 292-296. 
Da Silva, F. C., Chalfoun, S. M., De Siqueira, V. M., Botelho, D. M. S., Lima, N., and Batista, L. 
R. (2012). Evaluation of antifungal activity of essential oils against potentially 



































Dhifi, W., Jelali, N., Mnif, W., Litaiem, M., and Hamdi, N. (2012). Chemical composition of the 
essential oil of Mentha spicata L. from Tunusia and its biological activities. J. Food 
Biochem. in press, DOI: 10.1111/j.1745-4514.2012.00656.x. 
Dimic, G. R., Kocic-Tanackov, S. D., Tepic, A. N., Vujicic, B. L., & Sumic, Z. M. (2008). 
Mycopopulation of spices. Apteff 39: 1-9. 
Dincoglu, A. H., and Karacal, F. (2006). İzmit bölgesinden elde edilen çeşitli baharat türlerindeki 
aflatoksin düzeylerinin saptanması. Türkiye 9. Gıda Kongresi, pp: 831-834, 24-26 Mayıs 
Bolu, Turkey. 
Dokuzlu, C. (2001). Aflatoxin in red pepper. J. Fac. Vet. Med. 20: 19-23. 
Donia, M. A. A. (2008). Microbiological qaulity and aflatoxigenesis of Egyptian spices and 
medicinal plants. Global Veterinaria 2: 175-181. 
Duman, A. D. (2010). Storage of red pepper under hermetically sealed or vacuum conditions for 
preservation of its quality and prevention of mycotoxin occurrence. J. Stored Prod. Res. 
46: 155-160. 
Eaton, D. L., and Gallagher, E. P. (1994). Mechanisms of aflatoxin carcinogenesis. Annu. Rev. 
Pharmacol. Toxicol. 34: 135-172. 
EFSA (European Food Safety Authority). (2004). Opinion on the scientific panel on 
contaminants in the food chain on a request from the commission related to aflatoxin B1 as 
undesirable substance in animal feed. The EFSA J. 39: 1-27. 
EFSA (European Food Safety Authority). (2006). Opinion of the scientific panel on the 
contaminants in the food chain on a request from the commission related to ochratoxin A 


































El-Habib, R. (2012). Antifungal activity of some essential oils on Aspergillus flavus growth and 
aflatoxin production. J. Food Agric. Environ. 10: 274-279. 
El-Kady, I. A., El-Maraghy, S. S. M., and Mostafa, E. (1995). Natural occurrence of mycotoxins 
in different spices in Egypt. Folia Microbiologica 40: 297-300. 
Elmasta, M., Demirtas, I., Isıldak, O., and Aboul-Enein, H. Y. 2006. Antioxidant activity of S-
carvone isolated from spearmint (Mentha spicata L. Fam. Lamiaceae). J. Liq. Chromatogr. 
R. T. 29: 1465-1475. 
Elshafie, A. E., Al-Rashdi, T. A., Al-Bahry, S. N., and Bakheit, C. S. (2002). Fungi and 
aflatoxins associated with spices in the Sultanate of Oman. Mycopathologia 155: 155-160. 
Elzupir, A. O., Suliman, M. A., Ibrahim, I. A., Fadul, M. H., and Elhussein, A. M. (2010). 
Aflatoxins levels in vegetable oils in Khartoum State, Sudan. Mycotoxin Res. 26: 69-73. 
Erdogan, A. (2004). The aflatoxin contamination of some pepper types sold in Turkey. 
Chemosphere 56: 321-325. 
ESA (European Spice Association). (2011). OTA limit 15 ppb in capsicums-reasonable and 
achievable? Survey of the current situation, October 2011. 
European Commission. (1997). Coordinated programme for the official control of foodstuff, 
Luxemburg. 
European Commission. (1998). Opinion of the scientific committee on food on ochratoxin A, 
expressed on 17 September 1998. Available from 
http://europa.eu/food/fs/sc/scf/out14_en.html.   
European Commission. (2002a). Regulation (EC) No 178/2002 of the European Parliament and 


































food law, establishing the European Food Safety Authority and laying down procedures in 
matters of food safety. Official Journal of the European Communities L31: 1-24.  
European Commission. (2002b). SCOOP task 3.2.7. Assessment of dietary intake of ochratoxin 
A by the population of EU Member States. Directorate-General Health and Consumer 
Protection. 
European Commission. (2006). Commission Regulation (EC) No 401/2006 of 19 December 
2006 setting maximum levels for certain contaminants in foodstuffs. Official Journal of the 
European Union L364: 5-24. 
European Commission. (2010a). Commission Regulation (EU) No 165/2010 of 26 February 
2006 amending Regulation (EC) No 1881/2006 setting maximum levels for certain 
contaminants in foodstuffs as regards aflatoxins. Official Journal of the European Union 
L50: 8-12. 
European Commission. (2010b). Commission Regulation (EU) No 105/2010 of 5 February 2010 
amending Regulation (EC) No 1881/2006 setting maximum levels for certain contaminants 
in foodstuffs as regards ochratoxin A. Official Journal of the European Union L35: 7-8. 
Ezekiel, C. N., Sulyok, M., Warth, B., and Krska, R. (2012). Multi-microbial metabolites in 
fonio millet (acha) and sesame seeds in Plateau State, Nigeria. Eur. Food Res. Technol. 
235: 285-293. 
FAO (Food and Agricultural Organization of the United Nations). (2010). FAO statistical 
databases and data sets. Available from: http://www.faostat.fao.org/. 
Fazekas, B., Tar, A., and Kovácz, M. (2005). Aflatoxin and ochratoxin A content of spices in 


































Ferreira, I. M. P. L. V. O., Mendes, E., and Oliveira, B. P. P. (2007). Qunatification of aflatoxins 
B1, B2, G1, and G2 in pepper by HPLC/fluorescence. J. Liq. Chromatogr. R. T. 27: 325-
334. 
Freire, F. C., Kozakiewicz, Z., and Paterson, R. R. (2000). Mycoflora and mycotoxins in 
Brazilian black pepper, white pepper and Brazil nuts. Mycopathologia 149: 13-19. 
FSI (Food Safety and Inspection Service). (2005). Survey of spices for aflatoxins and ochratoxin 
A. 73/05, March/05. Food Survey Information sheets. Available from: 
http://www.food.gov.uk/science/surveillance 
Fufa, H., and Urga, K. (1996). Screening of aflatoxins in Siro and ground red pepper in Addis 
Ababa. Ethiop. Med. J. 34: 243-249. 
Gatti, M. J., Fraga, M. E., Magnoli, C., Dalcero, A. M., and Da Rocha Rosa, A. (2003). 
Mycological survey for potential aflatoxin and ochratoxin producers and their toxicological 
properties in harvested Brazilian black pepper. Food Addit. Contam. 20: 1120-1126. 
Ghali, R., Hmaissia-Khlifa, K., Ghorbel, H., Maaroufi, K., and Hedili, A. (2008). Incidence of 
aflatoxins, ochratoxin A and zearalenone in Tunusian foods. Food Control 19: 921-924. 
Giaccio, M. (2004). Crocetin from saffron: an active component of an ancient spice. Crit. Rev. 
Food Sci. Nutr. 44: 155-172. 
Gibriel, Y. A. Y., Hamza, A. S.,Gibriel, A. Y., and Mohsen, S. M. (2011). In vivo effect of mint 
(Mentha viridis) essential oil on growth and aflatoxin production by Aspergillus flavus 
isolated from stored corn. J. Food Safety 31: 445-51. 
Goryacheva, I. Y., De Saeger, S., Lobeau, M., Eremin, S. A., Barna-Vetró, I., and Van 


































tandem immunoassay columns with confirmation by high performance liquid 
chromatography-tandem mass spectrometry (HPLC-MS/MS). Anal. Chim. Acta 577: 38-
45. 
Grigoryan, K., Badalyan, G., Sargsyan, M., Harutyunyan, A., and Pogosyan, M. (2011). 
Mycobiota of some medicinal plants and their toxigenic potential. Acta Fytotechnica et 
Zootechnica 14: 14-18. 
Gruenwald, J., Freder, J., and Armbruester, N. (2010). Cinnamon and health. Crit. Rev. Food Sci. 
Nutr. 50: 822-834. 
Gulluce, M., Sahin, F., Sokmen, M., Ozer, H., Daferera, D., Sokmen, A., Polissiou, M., 
Adiguzel, A., and Ozkan, H. (2007). Antimicobial and antioxidant properties of the 
essential oils and methanol extracts from Mentha longifolia L. spp. Longifolia. Food 
Chem. 103: 1449-1456. 
Habibi, A., and Banihashemi, Z. (2008). Vegetative compatibility groups among isolates of 
Aspergillus flavus from sesame seed in Iran and mycotoxin production. Phytopathol. 
Mediterr. 47: 28-34. 
Hall, T. Y., and Skaggs, R. K. (2003). New Mexico’s chili pepper industry: chili types and 
product sourcing. New Mexico Chili Task Force, Report 8, Las Cruces, New Mexico, p.10, 
http:///www.chiletaskforce.org. 
Hasan, H. A., and Mahmoud, A. L. (1993). Inhibitory effect of spice oils on lipase and 
mycotoxin production. Zentralbl Microbiol. 148: 543-548. 
Hashem, M., and Alamri, S. (2010). Contamination of common spices in Saudi Arabia markets 


































Heamalatha, S., Swarnalatha, S., Divya, M., Lakshmi, G., Ganga Devi, A., and Gomathi, E. 
(2011). Pharmacognostical, pharmacological, investigation on Anethum graveolens Linn: 
A review. Res. J. Pharm., Biol. Chem. Sci. 2: 564-574. 
Hell, K., Gnonlonfin, B. G. J., Kodjogbe, G., Lamboni, Y., and Abdourhamane, I. K. (2009). 
Mycoflora and occurrence of aflatoxin in dried vegetables in Benin, Mali and Togo, West 
Africa. Int. J. Food Microbiol. 135: 99-104. 
Hierro, J. M. H., Garcia-Villanova, R. J., Torrero, P. R., and Fonseca, I. M. T. (2008). Aflatoxins 
and ochratoxin A in red paprika for retail sale in Spain: occurrence and evaluation of a 
simultaneous analytical method. J. Agric. Food Chem. 56: 751-756. 
Hitokoto, H., Morozumi, S., Wauke, T., Sakai, S., & Kurata, H. (1978). Fungal contamination 
and mycotoxin detection of powdered of herbal drugs. Appl. Environ. Microbiol. 36: 252-
256. 
Hussain, A., Sohail, M., Shafqatullah, M., 2012. Aflatoxin contamination of spices sold in 
different markets of Peshawar. Journal of the Chemical Society of Pakistan, future issue, 
http://jcsp.org.pk/index.php. 
IARC (International Agency for Research on Cancer). (1993). Some naturally occurring 
substances, food items and constituents, heterocyclic aromatic amines and mycotoxins, 56. 
Lyon France: World Health Organization, pp: 489-521. 
IARC (International Agency for Research on Cancer). (2002). Some traditional herbal 
medicines, some mycotoxins, naphthalane and styrene IARC monographs on the evaluation 


































Iha, M. H., and Trucksess, M. W. (2010). Aflatoxins and ochratoxin A in tea prepared from 
naturally contaminated powdered ginger. Food Addit. Contam. Part A 27: 1142-1147. 
Iqbal, S. Z., Paterson, R. R. M., Bhatti, I. A., Asi, M. R., Sheikh, M. A., and Bhatti, H. N. (2010). 
Aflatoxin B1 in chillies from the Punjab region, Pakistan. Mycotoxin Res. 26: 205-209. 
Iqbal, S. Z., Paterson, R. R. M., Bhatti, I. A., and Asi, M. R. (2011). Comparing aflatoxin 
contamination in chillies from Punjab, Pakistan produced in summer and winter. 
Mycotoxin Res. 27: 75-80.   
Isopencu, G., and Ferdes, M. (2012). Aspects regarding the influence of concentration of 
components with antifungal activity from some essential oils. Rev. Chim. 63: 205-211. 
Jalili, M., Jinap, S., and Radu, S. (2010). Natural occurrence of ochratoxin A contamination in 
commercial black and white pepper products. Mycopathologia 170: 251-258. 
Jalili, M., and Jinap, S. (2012). Natural occurrence of aflatoxins and ochratoxin A in commercial 
dried chili. Food Control 24: 160-164. 
Jana, S., Shekhawat, G. S. (2010). Anethum graveolens: An Indian traditional medicinal herb and 
spice. Phcog. Rev. 4: 179-184. 
Jayaprakasha, G. K., and Rao, L. J. M. (2011). Chemistry, biogenesis, and biological activities of 
Cinnamomum zeylanicum. Crit. Rev. Food Sci. Nutr. 51: 547-562. 
JECFA (Joint FAO/WHO Expert Committee of Food Additives). (2001). In: Ochratoxin A, in 
“Safety evaluations of specific mycotoxins”. Prepared by the fifty-sixth meeting of the Joint 
FAO/WHO  Expert Committee on Food Additives, 6-15 February, Geneva. 
Jonsyn, F. E. (1988). Seedborne fungi of sesame (Sesamum indicum L) in Sierra Leone and their 


































Juglal, S., Govinden, R., and Odhav, B. (2002). Spice oils for the control of co-occurring 
mycotoxin-producing fungi. J. Food Prot. 65: 683-687. 
Kanbur, M., Liman, B. C., Eraslan, G., and Altınordulu, Ş. (2006). Qunatitative analysis of 
aflatoxin B1 by enzyme immunoassay (EIA) in red pepper marketed in Kayseri. J. Fac. 
Vet. Med. Univ. Erciyes 3: 21-24. 
Kunnumakkara, A. B., Koca, C., Dey, S., Gehlot, P., Yodkeeree, S., Danda, D., Sung, B., and 
Aggarwal, B. B. (2009). Traditional uses of spices: an overview. In: Molecular targets and 
therapeutic uses of spices, pp: 1-24. Aggarwal, B. A. and Kunnumakkara, A. B., Eds., 
World Scientific Publishing Co. Pte. Ltd., Singapore. 
Kumagai, S., Nakajima, M., Tabata, S., Ishikuro, E., Tanaka, T., Norizuki, H., Itoh, Y., Aoyama, 
K., Fujita, K., Kai, S., Sato, T., Saito, S., Yeshiike, N., and Sugita-Konishi, Y. (2008). 
Aflatoxin and ochratoxin A contamination of retail foods and intake of these mycotoxins in 
Japan. Food Addit. Contam. Part A 25: 1101-1106. 
Kumar, A., Shukla, R., Singh, P., Singh, A. K., and Dubey, N. K. (2009). Use of essential oil 
from Mentha arvensis L. to control storage moulds and insects in stored chickpea. J. Sci. 
Food Agric. 89: 2643-2649. 
Kursun, O., and Mutlu, A. G. (2010). Aflatoxin in spices marketed in the west Mediterranean 
region of Turkey. J. Anim. Vet. Adv. 9: 2979-2981. 
Li, F.-Q., Li, Y.-W., Wang, Y.-R., and Luo, X.-Y. (2009). Natural occurrence of aflatoxins in 


































Lincy, S. V., Latha, R., Chandrashekar, A., and Manonmani, H. K. (2008). Detection of 
toxigenic fungi and quantification of type A trichothecene levels in some food and feed 
materials from India. Food Control 19: 962-966. 
Llewellyn, G. C., Burkett, M. L., and Eadie, T. (1981a). Potential mould growth, aflatoxin 
production, and antimycotic activity of selected natural species and herbs. J. Assoc. Off. 
Anal. Chem. 64: 955-960. 
Llewellyn, G. C., Dixon, E. C., Eadie, T., Dashek, W. V., and O’Rear, C. E. (1981b). Aflatoxin 
formation on whole and ground cumin and anise seeds. J. Am. Oil Chem. Soc. 58: 985-988. 
Llewellyn, G. C., Mooney, R. L., Cheatle, T. F., and Flannigan, B. (1992). Mycotoxin 
contamination of spices-an update. Int. Biodeterior. Biodegrad. 29: 111-121.  
Luetjohann, S. (1998). The healing power of black cumin. A handbook on oriental black cumin 
oils, their healing components and special recipes. Lotus light publications, Twin Lakes, 
WI, USA, p161. 
Mabrouk, S. S., and El-Shayeb, N. M. (1980). Inhibition of aflatoxin formation by some spices. 
Zeitschrift Lebensmittel Untersuchung Und Forschung A 171: 344-347. 
Macdonald, S., and Castle, L. (1996). A UK retail survey of aflatoxins in herbs and spices and 
their fate during cooking. Food Addit. Contam. 13: 121-128. 
Mandeel, Q. A. (2005). Fungal contamination of some imported spices. Mycopathologia 159: 
291-298. 
Mandrioli, R., Musenga, A., Ferranti, A., Lasaponara, S. S., Fanali, S., and Raggi, M. A. (2005). 
Separation, and analysis of the major constituents of cloves by micellar electrokinetic 


































Marín, S., Colom, C., Sanchis, V., and Ramos, A. J. (2009). Modelling of growth of 
aflatoxigenic A. flavus isolates from red chilli powder as a function of water availability. 
Int. J. Food Microbiol. 128: 491-496. 
Martins, M. L., Martins, H. M., and Bernardo, F. (2001). Aflatoxins in spices marketed in 
Portugal. Food Addit. Contam. 18: 315-319. 
Mathuria, N., and Verma, R. J. (2007). Aflatoxin induced hemolysis and its amelioration by 
turmeric extracts and curcumin in vitro. Acta Poloniae Pharmaceutica 64: 165-168. 
Mayi, D. K. (1999). Indidence of aflatoxin contamination in selected spice samples in Andhra 
Pradesh. Msc. Thesis, Acharya N.G. Ranga Agricultural University, Rajendra Nagar, 
Hyderabad, 78p. 
Mbah, M. C., and Akueshi, C. O. (2009). Aflatoxin in mould infested sesame seeds. African J. 
Biotechnol. 8: 391-394. 
Menon, K. R. K., and Zavier, T. V. (2010). Aflatoxin on ginger and ginger products and the 
effect of heating on their stability. As. J. Food Ag-Ind. 3: 562-566. 
Mkaddem, M., Bouajila, J., Ennajar, M., Lebrihi, A., Mathieu, F., and Romdhane, M. (2009). 
Chemical composition and antimicrobial and antioxidant activities of Mentha (longifolia L. 
and viridis) essential oils. J. Food Sci. 74: 358-363.  
Mohammodpour, H., Moghimipour, E., Rasooli, I., Fakoor, M. H., Astaneh, S. A., Moosaie, S. 
S., and Jalili, Z. (2012). Chemical composition and antifungal activity of Cuminum 
cyminum L. essential oil from Alborz Mountain against Aspergillus species. J. Nat. Pharm. 


































Montes-Belmot, R., and Carvajal, M. (1998). Control of Aspergillus flavus in maize with plant 
essential oil and their components. J. Food Prot. 61: 616-619. 
Moorthy, K., Prasanna, I., Sureshkumar, B. T., Selvi, A. T., Mekala, T., Malar, S. A. S., 
Lavanya, V., and Thajuddin, N. (2011). Determination of aflatoxin contamination in 
various spices. Biosci. Biotechnol. Res. Asia 8: 893-900.  
Morozumi, S. (1978). Isolation, purification, and antibiotic activity of o-
methoxycinnamaldehyde from cinnamon. Appl. Environ. Microbiol. 36: 577-583. 
Musaiger, A. O., Al-Jedah, J. H., and D-Souza, R. (2008). Occurrence of contaminants in foods 
commonly consumed in Bahrain. Food Control 19: 854-861. 
Nair, K. P. P. (2011). Agronomy and economy of black pepper and cardamom. Elseiver Inc., 
London, New York, p. 330. 
Nguefack, J., Leth, V., Amvam Zollo, P. H., and Mathur, S. B. (2004). Evaluation of five 
essential oils from aromatic plants of Cameroon for controlling food spoilage and 
mycotoxin producing fungi. Int. J. Food Microbiol. 94: 329-334. 
Nilüfer, D., and Boyacıoğlu, D. (2002).Comparative study of three different methods for the 
determination of aflatoxins in tahini. J. Agric. Food Chem. 50: 3375-3379. 
Omurtag, G. Z., Atak, G., Keskin, G., and Ersoy, Ö. (2002). HPLC assay for aflatoxins in dried 
red peppers and feedstuffs in Turkey. Acta Pharm. Turcica 44: 11-22. 
O’Riordan, M. J., and Wikinson, M. G. (2008). A survey of the incidence and level of aflatoxin 
contamination in a range of imported spice preparations on the Irish retail market. Food 


































Osman, S. M. E., El-Obeid, H. A., and Ayoub, S. M. H. (2012). Physical and chemical analysis 
of some imported essential oils in the Sudanese market. Afr. J. Pharmcy Pharmacol. 6: 
1477-1481. 
Ozbey, F., and Kabak, B. (2012). Natural co-occurrence of aflatoxins and ochratoxin A in spices. 
Food Control 28: 354-361. 
Ozcan, M., and Chalchat, J.-C. (2004). Aroma profile of Thymus vulgaris L. growing wild in 
Turkey. Bulg. J. Plant Physiol. 30: 68-73. 
Patel, S., Hazel, C. M., Winterton, A. G., and Mortby, E. (1996). Survey of ethnic foods for 
mycotoxins. Food Addit. Contam. 13: 833-841. 
Paterson, R. R. M. (2007). Aflatoxins contamination in chilli samples from Pakistan. Food 
Control 18: 817-820. 
Pereira, M. C., Chalfoun, S. M., Pimenta, C. J., Angelico, C. L., and Maciel, W. P. (2006). 
Spices, fungi mycelial development and ochratoxin A production. Sci. Res. Essay 1: 38-42.  
Peter, K. V. (2006). Handbook of herbs and spices, volume 3, CRC Press, Boca Raton, FL, USA, 
p.537. 
Pitt, J. I. (2000). Toxigenic fungi: which are important. Med. Mycol. 38: 17-22.  
Ramagnoli, B., Menna, V., Gruppioni, N., and Bergamini, C. (2007). Aflatoxins in spices, 
aromatic herbs, herb-teas and medicinal plants marketed in Italy. Food Control 18: 697-
701. 
Rani, P. A., Aggarwal, and A, Seema. (1995). Qualitative and quantitave estimation of seed 


































Ranjan, K. S., Sahay, S. S., and Sinha, A. K. (1992). The influence of storage structure on 
aflatoxin contamination in wheat and mustard. J. Stored Prod. Res. 28: 221-224. 
Rasooli, I., and Abyaneh, M. R. (2004). Inhibitory effects of thyme oils on growth and aflatoxin 
production by Aspergillus parasiticus. Food Control 15: 479-483. 
Razzaghi-Abyaneh, M. M., Shams-Ghahfarokhi, M. B., Rezaee, K., Jaimand, S., Alinezdah, R., 
Saberi, R., and Yoshinari, T. (2009). Chemical composition and antiaflatoxigenic activity 
of Carum carvi L., Thymus vulgaris and Citrus aurantifolia essential oils. Food Control 
20: 1018-1024. 
Razzaghi-Abyaneh, M. M., Yoshinari, T., Shams-Ghahfarokhi, M., Rezaee, M. B., Nagasawa, 
H., and Sakuda, S. (2007). Dillapoil and apiol as specific inhibitors of the biosynthesis of 
aflatoxin G1 in Aspergillus parasiticus. Biosci. Biotechnol. Biochem. 71: 2329-2332. 
Reddy, K. R. N., Farhana, R. I., and Salleh, B. (2011). Occurrence of Aspergillus spp. and 
aflatoxin B1 in Malaysian foods used for human consumption. J. Food Sci. 76: 99-104.  
Reddy, K. R. N., Reddy, C. S., and Muralidharan, K. (2009). Potential of botanicals and 
biocontrol agents on growth and aflatoxin production by Aspergillus flavus infecting rice 
grains. Food Control 20: 173-178. 
Reddy, S. V., Mayi, D. K., Reddy, M. U., Thirumala-Devi, K., and Reddy, D. V. (2001). 
Aflatoxins B1 in different grades of chillies (Capsicum annum L.) in India as determined 
by indirect competitive-ELISA. Food Addit. Contam. 18: 553-558. 
Reinhold, L., and Reinhardt, K. (2011). Mycotoxins in foods in Lower Saxony (Germany): 


































Rizzo, I., Vedoya, G., Maurotto, S., Haidukowski, M., and Varsavsky, E. (2004). Assessment of 
toxigenic fungi on Argentinian medicinal herbs. Microbiol. Res. 159: 113-120. 
Saha, D., Acharya, D., Roy, D., Shrestha, D., and Dhar, T. K. (2007). Simultaneous enzyme 
immunoassay for the screening of aflatoxin B1 and ochratoxin A in chili samples. Anal. 
Chim. Acta 584: 343-349. 
Sahay, S. S., and Prasad, T. (1990). The occurrence of aflatoxins in mustard and mustard 
products. Food Addit. Contam. 7: 509-513. 
Santos, L., Marín, S., Sanchis, V.,  and Ramos, A. J. (2010). Co-occurrence of aflatoxins, 
ochratoxin A and zearalenone in Capsicum powder samples available on the Spanish 
market. Food Chem. 122: 826-830. 
Saxena, J., and Mehrotra, B. S. (1989). Screening of spices commonly marketed in India for 
natural occurrence of mycotoxins. J. Food Compos. Anal. 2: 286-292. 
SBI (Sindh Board of Investment) (2010). Red chilli de-hydration plant-Kunri, Sindh. Sindh 
Board of Investment, Government of Sindh. 29p. Available from: http://sbi.gos.pk.   
Scott, P. M., and Kennedy, B. P. C. (1976). The analysis of spices and herbs for aflatoxins. Can. 
Inst. Food Sci. Technol. J. 8: 124-125. 
Sedmikova, M., Reisnerova, H., Dufkova, Z., Barta, I., and Zilek, F. (2001). Potential hazard of 
simultaneous occurrence of aflatoxin B1 and ochratoxin A. Veteriarni Medicina 46: 169-
174. 
Seenappa, M., and Kempton, A. G. (1980). Aspergillus growth and aflatoxin production on black 


































Selim, M. I., Popendorf, W., Ibrahim, M. S., El-Sharkawy, S., and El-Kashory, E. S. (1996). 
Aflatoxin B1 in common Egyptian foods. J. AOAC Int. 79: 1124-1129. 
Shamsuddin, Z. A., Khan, M. A., Khan, B. A., Ahmad, M. A., and Ahmed, A. (1995). 
Contamination of red chilli with aflatoxin B1 in Pakistan. Mycotoxin Res. 11: 21-24. 
Sharma, V., Sharma, C., Pracheta, C., Paliwal, R., and Sharma, S. (2011). Protective potential of 
Curcuma longa and curcumin on aflatoxin B1 induced hepatotoxicity in Swiss albino mice. 
Asian J. Pharm. Health Sci. 1: 116-122. 
Segvic Klaric, M., Kosalec, I., Matelic, J., Piecková, E., and Pepeljnak, S. (2007). Antifungal 
activity of thyme (Thymus vulgaris L.) essential oil and thymol against moulds from damp 
dwellings. Lett. Appl. Microbiol. 44: 36-42.  
Shundo, L., De Almeida, A. P., Alaburda, J., Lamardo, L. C. A., Navas, S. A., Ruvieri, V., and 
Sabino, M. (2009). Aflatoxins and ochratoxin A in Brazilian paprika. Food Control 20: 
1099-1102. 
Simic, A., Sokovic, M. D., Ristic, M., Grujic-Jovanovic, S., Vukojevic, J., and Marin, P. D. 
(2004). The chemical composition of some Lauraceae essential oils and their antifungal 
activities. Phytother. Res. 18: 713-717. 
Singh, G., Maurya, S., De Lampasona, M. P., and Catalan, V. (2005). Chemical constituents, 
antimicrobial investigations, and antioxidative potentials of Anethum graveolens L. 
essential oil and acetone extract: part 52. J. Food Sci. 70: 209-215.  
Soliman, K. M., and Badeaa, R. I. (2002). Effect of oil exctracted from some medicinal plants on 


































Soni, K. B., Rajan, A., and Kuttan, R. (1992). Reversal of aflatoxin induced liver damage by 
turmeric and curcumin. Cancer Lett. 66: 115-121. 
Soni, K. B., Lahiri, M., Chackradeo, P., Bhide, S. V., and Kuttan, R. (1997). Protective effect of 
food additives on aflatoxin-induced mutagenicity and hepatocarcinogenicity. Cancer Lett. 
115: 129-133. 
Speijers, G. J. A., and Speijers, M. H. M. (2004). Combined toxic effects of mycotoxins. Toxicol. 
Lett. 153: 91-98. 
Srinivasan, K. (2007). Black pepper and its pungent principle-piperine: a review of diverse 
physiological effetcs. Crit. Rev. Food Sci. Nutr. 47: 735-748. 
Srinivasan, K. (2009). Black pepper (Piper nigrum) and its bioactive compound, piperine. In: 
Molecular targets and therapeutic uses of spices, modern uses for ancient medicine, pp: 25-
64. Aggarval, B. B. and Kannumakkara, A. B., Eds., World Scientific Publishing Co. Pte. 
Ltd.,  
Sweeney, M. J., and Dobson, A. D. W. (1998). Mycotoxin production by Aspergillus, Fusarium 
and Penicillium species. Int. J. Food Microbiol. 43: 141-158. 
Tabata, S., Kamimura, H., Ibe, A., Hashimoto, H., Iida, M., and Tamura, Y. (1993). Aflatoxin 
contamination in foods and foodstuffs in Tokyo: 1986-1990. J. AOAC Int. 76: 32-35. 
Takahashi, T. (1993). Aflatoxin contamination in nutmeg: analysis of interferring TLC spots. J. 
Food Sci. 58: 197-198. 
Tantaoui-Elaraki, A., and Beraoud, L. (1994). Inhibition of growth and aflatoxin production in 
Aspergillus parasiticus by essential oils of selected plant materials. J. Environ. Pathol., 


































Taydaş, E. E., and Aşkın, O. (1995). Aflatoxin formation in red peppers. Gıda 20: 3-8. 
Thirumala-Devi, K., Mayo, M. A., Redy, G., Emmanuel, K. E., Larondelle, Y., and Reddy, D. V. 
R. (2001). Occurrence of ochratoxin A in black pepper, coriander, ginger and turmeric in 
India. Food Addit. Contam. 18: 830-835. 
Tian, J., Ban, X., Zeng, H., He, J., Chen, Y., and Wang, Y. (2012). The mechanism of antifungal 
action of essential oil from dill (Anethum graveolens L.) on Aspergillus flavus. Plos One 7: 
e30147. 
Tian, J., Ban, X., Zeng, H., He, J., Chen, Y., and Wang, Y. (2011). In vitro and in vivo activity of 
essential oil from dill (Anethum graveolens L.) against fungal spoilage of cherry tomatoes. 
Food Control 22: 1992-1999. 
Tomar-Balhara, M., Kapoor, R., and Bhatnagar, A. K. (2006). Seed mycoflora and aflatoxin 
contamination in mustard during storage. In: Current concepts in botany, pp: 321-338. 
Mukerji, K. G., and Manoharachary, C., Eds., I. K. International Publishing House Pvt. 
Ltd., New Delhi, India.  
Trucksess, M. W., and Scott, P. M., 2008. Mycotoxins in botanicals and dried fruits: A review. 
Food Addit. Contam. 25: 181-192. 
Trucksess, M. W., Weaver, C. M., Oles, C. J., D’Ovidio, K., and Rader, J. I. (2006). 
Determination of aflatoxins and ochatoxin A in ginseng and other botanical roots by 
imunoaffinity column clean-up and liquid chromatography with fluorescence detection. J. 
AOAC Int. 89: 624-630. 
TUIK (Turkish Statistical Institute) (2010). The Summary of Agricultural Statistics. Available 


































UNIDO/FAO (United Nations Industrial Development Organization/Food and Agriculture 
Organization of the United Nations). (2006). Herbs, spices and essential oils, post-harvest 
operations in developing countries, UNIDO/FAO, Austria, 61p. 
Var, I., Kabak, B., and Gök, F. (2007). Survey of aflatoxin B1 in helva, a traditional Turkish 
food, by TLC. Food Control 18: 59-62. 
Viuda-Martos, M., Ruiz-Navajas, Y., Fernández-López, J., and Pérez-Àlvarez, J. A. (2011). 
Spices as functional foods. Crit. Rev. Food Sci. Nutr. 51: 13-28. 
Vural, A., Kaya, N. B. A., and Mete, M. (2004). Investigation of the yeast and mould floras in 
some ground spices. Dicle Tıp Dergisi 31: 15-19. 
Wang, H. X., and Ng, T. B. (2005). An antifungal protein from ginger rhizomes. Biochem. 
Biophys. Res. Comm. 336: 100-104. 
Whitaker, T. B., Trucksess, M. W., Weaver, C. M., and Slate, A. (2009). Sampling and analytical 
variablity associated with the determination of aflatoxins and ochratoxin A in bulk lots of 
powdered ginger marketed in 1-lb bags. Anal. Bioanal. Chem. 395: 1291-1299. 
Yarru, L. P., Settivari, R. S., Gowda, N. K., Antoniou, E.,Ledoux, D. R., and Rottinghaus, G. E. 
(2009). Effects of turmeric (Curcuma longa) on the expression of hepatic genes associated 
with biotransformation, antioxidant and immune systems in broiler chicks fed aflatoxin. 
Poultry Sci. 88: 2620-2627. 
Yentür, G., Er, B., Özkan, M. G., and Öktem, A. B. (2006). Determination of aflatoxins in 
peanut butter and sesame samples using high-performance liquid chromatography method. 


































Zaied, C., Abid, S., Bouaziz, C., Chouchane, S., Jomaa, M., and Bacha, H. (2010). Ochratoxin A 
levels in spices and dried nuts consumed in Tunusia. Food Addit. Contam. Part B 3: 52-57. 
Zhao, X., Yang, Z., Gai, G., and Yang, Y. (2009). Effect of superfine grinding on properties of 
ginger powder. J. Food Eng. 91: 217-222. 
Zinedine, A., Brera, C., Elakhdari, S., Catano, C., Debegnach, F., Angelini, S., De Santis, B., 
Faid, M., Benlemlih, M., Minardi, V., and Miraglia, M. (2006). Natural occurrence of 










































Tabel 1. Classifications, part of plant used and major-producing countries of spices and herbs. 
Common 
name 
Binomial name Family Used part Classification, based on 









Fruits (seeds) Aromatic spice China, Turkey, 
Spain, Greece, 
Egypt, India 
      
Basil Ocimum basilicum 
L. 





      
Bay leaf Laurus nobilis L. Lamiaceae Fresh and 
dried leaves 
Herb Turkey, Algeria, 
Belgium, France, 
Greece 






Zingiberaceae Fruits (seeds) Aromatic spice Nepal, India, 
Bhutan 
      
Black cumin Nigella sativa L. Ranunculaceae Seeds Aromatic spice Egypt, Sudan, 
Ehiopia, Syria, 



































      
Black 
pepper 
Piper nigrum L. Piperaceae Dried fruits Hot spice Vietnam, India, 
Brazil, Indonesia 
      
Caraway Carum carvi L. Apiaceae Fruits (seeds) Aromatic spice The Netherland, 
European countries, 
Russia 
      
Celery Apium graveolens 
L. 
Apiaceae Seeds Aromatic vegetables China, France, 
India, Italy, 
Pakistan, USA 
      
Chilli, 
paprika 









verum J. Presl) 
Louraceae Bark Aromatic spice Indonesia, China, 


































      
Clove Szygium 
aromaticum (L.) 
Merrill & Perry 
Myrtaceae Dried flower 
buds 




      
Coriander Coriandrum 
sativum L. 
Apiaceae  Dried fruits 
(seeds) 
Mild spice Morocco, Romania, 
Mexico, Argentina, 
Canada 
      
Cumin Cuminum cyminum 
L. 
Apiaceae Dried fruits 
(seeds) 
Aromatic spice Turkey, Iran, 
Mediterranean 
countries 
      
Dill Anethum 
graveolens L. 
Apiaceae Fresh and 
dried 
leaves/seeds 
Herb/Aromatic spice India, Pakistan, 
Mediterranean 
countries, The 
Netherland, Mexico  
      
Fennel Foeniculum vulgare 
Mill. 
Apiaceae Dried fruits 
(seeds) 




































      
Fenugreek Trigonella foenum-
graecum L. 
Fabaceae Seeds/Leaves Aromatic spice India, Nepal, 
Pakistan, 
Bangladesh, Egypt 
      
Garlic Allium sativum L. Amaryllidaceae 
(Liliaceae) 
Bulbs Aromatic vegetables China, India, 
Republic of Korea, 
Egypt 
      
Ginger Zingiber officinale 
Roscoe 
Zingiberaceae Rhizome Hot spice India, China, Nepal, 
Thailand, Nigeria 






Zingiberaceae Fruites (seeds) Aromatic spice India, Guatemala, 
Sri Lanka 
      




Tree herb USA, Canada, 
Georgia, Turkey 
      
Marjoram Origanum 
majorana L. 




































      
Mustard 
seed 
Brassica nigra L./B. 
juncea (L.) Czern 
/Sinapis alba L. 
Brassicaceae Seeds Hot spice/Aromatic spice Canada, Nepal, 
Mynmar, Ukraine 
      
Nutmeg Myristica fragrans 
Houtt. 
Myristicaceae Seeds Aromatic spice Indonesia, Grenada, 
India 
      
Onion Allium cepa L. Amaryllidaceae Bulbs/Fresh 
leaves 
Aromatic vegetables China, India, USA, 
Egypt, Iran, Turkey 






Lamiaceae Leaves Herb Mediterranean 
countries 
      
Parsley Petroselinum 
crispum (Mill.) 
Apiaceae Fresh and 
dried leaves 
Herb Most part of the 
world 
      
Peppermint Mentha piperita L. Lamiaceae Fresh and 
dried leaves 



































      
Poppy seed Papaver spp. Papaveraceae Seeds Aromatic spice/Oilseed Turkey, Czech 
Republic, Spain, 
France, Croatia 
      
Rosemary Rosmarinus 
officinalis L. 






      






      
Sesame seed Sesamum indicum 
L. 
Pedaliaceae Seeds Aromatic spice/Oilseed Mynmar, India, 
China, Ethiopia, 
sudan 
      
Spearmint Mentha spicata L. Lamiaceae Fresh and 
dried leaves 
Herb USA, Egypt 
      







































Thymus vulgaris L. Lamiaceae Leaves and 
stems 
Herb Turkey, Greece, 
Israel, Albania, 
Morocco, Mexico 









      
Vanilla Vanilla planifolia 
Andr. 




































Table 2. The number of RASFF notifications for herb and spices contaminated by mycotoxins. 
Mycotoxin Number of RASFF notifications 
 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Total 
AFs 12 14 22 47 36 33 25 21 112 49 371 
OTA - 2 3 10 2 8 2 11 5 15 58 






































Table 3. Content of mycotoxins in capsicums (chilli peppers, paprika etc.) commerialised in various countries. 










Bahrain Red chilli 
powder 
6 6 (100) HPLC-
FD 
AFs 30 n.r. Musaiger et al. (2008) 
         
Brazil Paprika 70 43 (61) HPLC-
FD 
AFB1 3.4 0.5 – 7.3 Shundo et al. (2009) 
   60 (86) HPLC-
FD 
OTA 7 0.24 – 
97.2 
 
         
Egypt Red pepper 5 3 (60) TLC STC n.r. 10 – 23 El-Kady et al. (1995) 
         
Ethiopia Ground red 
pepper 
60 8 (13) TLC AFs n.r. 250 – 
525 


































         
Hungary Ground red 
pepper 
70 18 (26) HPLC-
FD 
AFB1 n.r. 0.14 – 
15.7 
Fazekas et al. (2005) 
   32 (46) HPLC-
FD 
OTA n.r. 0.4 – 
66.2 
 
         
India Chilli 182 107 (59) ELISA AFB1 n.r. <10 – 
969 
Reddy et al. (2001) 
         
India Chilli 16 2 (13) ELISA AFB1 n.r. 1.8 – 8.4 Saha et al. (2007) 
         
Ireland Chilli powder 30 10 (33) HPLC-
FD 




 Paprika 10 2 (20) HPLC-
FD 
AFs n.r. 0.4 – 6.4  


































Italy Chilli 11 5 (46) ELISA AFB1 n.r. 5 – 27 Ramagnoli et al. (2007) 
         
Korea Red pepper 
powder 
41 7 (17) HPLC-
FD 
AFB1 n.r. 0.08 – 
4.45 
Cho et al. (2008) 
   7 (17) HPLC-
FD 
AFs 0.87 0.08 – 
4.66 
 
         
Korea Capsicum 
powder 
192 42 (22) HPLC-
FD 
OTA 0.27 <0.2 – 35 Ahn et al. (2010) 
         
Malaysia Chilli 8 8 (100) ELISA AFB1 2.62 0.58 – 
3.5 
Reddy et al. (2011) 
         
Malaysia Dried chilli 80 52 (65) HPLC-
FD 
AFB1 3.37 0.2 – 
56.61 
Jalili and Jinap (2012) 
   52 (65) HPLC-
FD 




































   65 (82) HPLC-
FD 
OTA 7.15 0.2 – 101  
         
Morocco Paprika 14 14 (100) HPLC-
FD 
AFB1 2.88 <LOD – 
5.4 
Zinedine et al. (2006) 
   14 (100) HPLC-
FD 
AFs 5.23 <LOD – 
9.68 
 
         
Pakistan Red chilli 176 116 (66) TLC AFB1 n.r. n.d. – 
25> 
Shamsuddin et al. 
(1995) 
         
Pakistan Dried chilli 13 13 (100) HPLC-
FD 
AFs 33.4 0.1 – 
96.2 
Paterson (2007) 
         
Pakistan Whole chilli 22 16 (73) HPLC-
FD 
AFB1 24.7 <LOD – 
96.3 
Iqbal et al. (2010) 



































         
Pakistan Chilli 85 61 (72) HPLC-
FD 
AFs n.r. <0.05 – 
95.90 
Iqbal et al. (2011) 
         
Portugal Paprika 12 8 (67) HPLC-
FD 
AFB1 n.r. 1 – 18.2 Martins et al. (2001) 
         
Saudi 
Arabia 
Red pepper 5  3 (60) TLC STC n.r. 11 – 25 Bokhari (2007) 
         
Spain Paprika 21 19 (90) HPLC-
FD 
AFB1 1.1 0.7 – 3.8 Hierro et al. (2008) 
   15 (71) HPLC-
FD 
OTA 11.9 0.7 – 
73.8 
 


































Spain Paprika 64 38 (59) HPLC-
FD 
AFs n.r. 0.5 – 
7.25 
Santos et al. (2010) 
   62 (98) HPLC-
FD 
OTA n.r. 0.1 – 281  
   25 (39) HPLC-
FD 
ZEA n.r. 10  – 131  
 Chilli 35 14 (35) HPLC-
FD 
AFs n.r. 0.5 – 
2.49 
 
   35 (100) HPLC-
FD 
OTA n.r. 0.62 – 
44.6 
 
   16 (46) HPLC-
FD 
ZEA n.r. 10 – 129  
         
Tunusia Paprika 23 16 (70) HPLC-
FD 
OTA 203 31 – 528 Zaied et al. (2010) 
         
Turkey Red chilli 
flake 
31 28 (90) TLC AFB1 8.43 n.d. – 
28.5 



































 Red chilli 
powder 
30 30 (100) TLC AFB1 4 1.25 – 
15.99 
 
         
Turkey Red chilli 
flake 
40 40 (100) TLC AFB1 8.66 1.1 – 44 Ağaoğlu (1999) 
         
Turkey Red chilli 
powder 
30 14 (46.7) TLC AFs n.r. 5  – 25 Dokuzlu (2001) 
         
Turkey Red pepper 26 17 (65) HPLC-
FD 
AFB1 n.r. 0.6  – 56 Omurtag et al. (2002) 
         
Turkey Red-scaled 
pepper 
44 8 (18) TLC AFs n.r. 1.1 – 
97.5 
Erdogan (2004) 
 Red pepper 
powder 
26 3 (11) TLC AFs n.r. 1.8 – 
16.4 
 


































Turkey Paprika 30 27 (90) HPLC-
FD 
AFs n.r. 0.5 – 
124.6 
Bircan (2005) 
 Chilli powder 15 15 (100) HPLC-
FD 
AFs n.r. 1.8 – 
85.9 
 
         
Turkey Red pepper 50 50 (100) ELISA AFB1 n.r. 1.48 – 
70.05 
Kanbur et al. (2006) 
         
Turkey Red pepper 30 6 (20) ELISA AFB1 n.r. 2.9 – 
11.2 
Colak et al. (2006) 





30 13 (43) ELISA AFB1 n.r. 1.9 – 
35.5 
 
   17 (57) ELISA AFs n.r. 0.7 – 
46.8 
 


































Turkey Red pepper 
powder 
100 68 (68) ELISA AFB1 3.92 0.025 – 
40.9 
Aydin et al. (2007) 
         
Turkey Paprika 23 19 (83) HPLC-
FD 
AFs n.r. 0.38 – 
14.71 
Bircan et al. (2008) 
         
Turkey Isot 75 72 (96) ELISA AFB1 1.9 0.11 – 
24.7 
Ardic et al. (2008) 
         
Turkey Flaked red 
pepper 
38 n.r. ELISA AFs 4.79 n.d. – 
9.46 
Kursun and Mutlu 
(2010) 
 Red pepper 34 34 (100) ELISA AFs 6.36 3.55 – 
9.55 
 
         
United 
Kingdom 
Chilli powder 51 35 (69) TLC AFs n.r. LOD – 
48 
Macdonald and Castle 
(1996) 




































Paprika 26 26 (100) HPLC-
FD 
AFB1 n.r. 0.2 – 3.4 FSI (2005) 
   26 (100) HPLC-
FD 
OTA n.r. 0.3 – 
47.7 
 
 Chilli powder 31 29 (94) HPLC-
FD 
AFB1 n.r. <0.2 – 
13.9 
 
   31 (100) HPLC-
FD 





4 4 (100) HPLC-
FD 
AFB1 n.r. 0.2 – 6.8  
   4 (100) HPLC-
FD 
OTA n.r. 2.4 – 
16.5 
 
         
West Africa Dried chilli 30 1 (3) HPLC-
FD 
AFs n.r. 3.2 Hell et al. (2009) 
 
HPLC-FD: High performance liquid chromatography-fluorescence detection; TLC: Thin-layer chromatography; ELISA: 


































STC: Sterigmatocystin; ZEA: Zearalenone; Isot: Traditional deep-red ground pepper; n.r.: Not reported; n.d.: Not detected; 





































Figure 1. Evaluation of RASFF notifications on mycotoxins in the category “spices and herbs” 
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